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PREFACE. 


In   teaching   the  elements  of   chemistry  to 
students  beginning  the  study  of  Agricultural 
Science,  I  have  felt  the  want  of  a  text-book 
treating  the  subject  experimentally  throughout, 
proceeding  at  a  fairly  uniform  rate,  and  dealing 
<H    with  all  the  most  important  substances  with 
y-°    which  the  student  of  plant  and  animal  life  has 
to  become  acquainted.    I  have  here  attempted 
to  write  such  a  work,  using  as  little  technical 
language  as  possible,  and  following  the  method 
usual  in  chemical  work,  viz. : — of  experiment, 
observation,  more  or  less  lucky  induction,  and 
the  verification  of  the  suggested  hypothesis ; 
5^  hence  in  the  earlier  portion  many  possibilities 
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in  addition  to  those  which  I  have  noted  will 
occur  to,  and  be  discussed  by,  the  teacher. 
As  the  experiments  are  essential  to  the  most 
profitable  study  of  the  subject,  I  have  incor- 
porated them  in  the  text ;  I  have  also  had  to 
draw  attention  to  some  experiments  of  impor- 
tance which  cannot  be  performed  by  a  beginner. 
Though  especially  intended  as  an  aid  to 
teachers,  yet  I  hope  the  book  will  be  found 
useful  by  some  who  have  to  begin  the  study 
of  chemistry  by  themselves,  and  who  find  a 
difficulty  in  facing  the  larger  text-books  which 
deal  with  the  great  number  of  substances  met 
with  by  the  student  of  plant  and  animal  life. 

R.  H.  ADIE. 

Cambridge, 
5th  May,  1897. 
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AGRICULTURAL  SERIES. 


CHEMISTRY. 

CHAPTER  t 

INTRODUCTORY. 

In  the  study  of  Agricultural  Chemistry  we 
have  to  deal  with  the  changes  which  accompany 
the  growth  of  plants  from  the  soil,  and  the 
growth  of  animals  fed  with  the  products  of 
plant  life.  We  must  therefore  find  out  the 
relation  of  the  soil  to  the  wants  of  the  plant, 
and  that  of  the  plant  to  the  requirements  of  the 
animal. 

But  when  we  look  at  a  growing  plant,  or  a  seed, 
or  an  animal,  and  notice  the  immense  variety 
of  substances  of  which  they  are  built  up,  such 
as  wood,  fibre,  starch,  oil,  blood,  bone  and  muscle, 
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2  Chemistry 

we  are  compelled  to  ask  if  we  cannot  find  a 
simple  method  of  classifying  these  substances, 
and  of  finding  out  where  they  come  from,  and 
what  they  are  made  of. 

Let  lis  make  a  start  by  trying  to  discover 
any  familiar  stuffs  which  enter  into  the 
composition  of  a  plant. 

Take  a  handful  of  grass,  put  it  on  a  plate, 
cover  it  with  a  tumbler,  and  place  the  plate  on 
a  stove.  In  a  very  short  time  dew  appears  on 
the  inside  of  the  glass,  showing  that  the  living 
grass  plant  contains  water.  This  fact  reminds 
us  of  the  making  of  hay  from  grass  by  exposing 
it  to  the  air,  when  over  three-quarters  of  the 
weight  of  the  grass  is  lost.  If  the  stove  is  hot,  or 
we  put  the  plate  in  a  hot  oven,  we  find  that  the 
dried  grass  becomes  charred,  leaving  a  familiar 
black  stuff,  charcoal,  which  weighs  more  than 
one-third  of  the  weight  of  the  dried  grass.  If 
now  we  heat  this  charcoal  red  hot  in  an  iron 
spoon  over  the  fire,  it  burns  away  and  leaves  us 
a  small  quantity  of  a  white  or  yellowish  ash 
weighing  one-twentieth  as  much  as  the  hay. 
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In  this  way,  we  have  been  able  to  split  up 
a  living  plant  into  at  least  three  kinds  of 
familiar  matter  (i.)  water,  (ii.)  charcoal, (iii.)  ash ; 
the  last  part  which  will  not  burn  is  called  the 
non-combustible  inorganic,  or  mineral  part, 
while  the  parts  which  burn  make  up  the 
combustible  organic  part. 

After  we  have  found  out  these  simple  facts 
we  can  proceed  to  ask  where  the  plant  gets 
these  substances  from,  and  it  will  help  us  to 
answer  this  question  if  we  consider  in  a  very 
elementary  manner  how  a  plant  is  built  up 
Plants  generally  have  a  root,  stem,  and  leaves  ; 
the  root  is  surrounded  by  the  soil,  so  that  it  can 
only  get  at  substances  present  in  the  soil ;  the 
leaves  are  exposed  to  the  air,  so  that  they  can 
only  make  use  of  substances  present  in  the  air, 
and  the  stem  is  generally  in  the  air,  so  that  it 
can  only  act  in  a  similar  manner  to  the  leaves 
as  far  as  food  is  concerned. 

It  would  be  beyond  our  scope  to  attempt  to 
prove  directly  at  this  stage  that  matter  cannot 
be  created  nor  destroyed,  though  it  may  be 
b  2 
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changed  into  many  different  forms,  a  principle 
upon  which  the  whole  subject  of  Chemistry  is 
founded,  and  which  is  known  as  the  principle 
of  the  Conservation  of  Matter.  The  state- 
ment tells  that  whatever  the  kind  of  plant 
structure  may  be,  it  is  made  up  of  matter  which 
the  plant  must  get  either  from  the  air  or  from 
the  soil,  since  these  are  the  only  two  substances 
with  which  it  comes  into  contact;  the  plant 
must  then  rearrange  this  matter  into  starch, 
fibre,  &c.  This  at  once  suggests  that  we  should 
examine  the  air  and  the  soil,  to  find  if  there 
are  any  plant  foods  there,  and  as  the  air  appears 
to  be  always  the  same,  while  the  soil  varies 
from  county  to  county,  and  even  from  field  to 
field,  we  should  naturally  make  a  start  with 
the  air. 


CHAPTEK  II. 


THE  AIR. 

Among  the  most  striking  points  which  we 
notice  about  the  air  are  the  facts  that  bodies 
burn  in  it,  that  the  brightness  of  a  burning  fire 
is  increased  by  blowing  air  through  it,  and 
that  a  fire  cannot  burn  when  no  air  can  get  to 
it;  e.g.  cover  a  burning  candle  by  a  bottle, 
it  soon  flickers  and  goes  out. 

What  is  this  process  of  burning,  and  why  is 
air  necessary  to  make  it  go  on  ? 

To  answer  this  question  we  make  use  of  the 
facts  that  metals,  e.g.  magnesium  or  iron, 
tarnish  or  rust  in  air,  and  when  made  into  filings 
they  will  burn  when  dropped  through  a  flame, 
forming  powders  which  appear  to  be  the  same 
in  both  cases.  This  suggests  that  rusting  or 
tarnishing  may  be  a  similar  change  to  burning. 

Put  some  moist  iron  filings  into  a  glass  flask 
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and  cork  it  up  tightly.  Allow  it  to  stand  for  a 
few  days,  and  uncork  it  neck  downwards  in  a 
basin  of  water ;  water  enters  the  flask.  Cork 
the  flask  again,  and  take  it  out  of  the  water. 
Now  take  a  lighted  taper  and  put  it  into  the 
flask  ;  the  taper  goes  out. 

How  can  we  explain  these  facts,  that  water  has 
entered  the  flask  in  place  of  part  of  the  air,  that 
this  part  of  the  air  seems  to  have  disappeared, 
and  that  the  property  of  air  of  making  things 
burn  has  disappeared  with  the  loss  of  this  part? 

Does  it  not  immediately  suggest  that  the  air 
must  contain  something  which  makes  things 
burn  and  is  removed  in  burning,  and  also 
something  else  which  is  left  after  they  have 
burned  ?  We  must  put  this  idea  to  the  proof 
by  other  experiments. 

[This  experiment  is  more  quickly  done  by 
burning  a  small  piece  of  phosphorus  floating  in 
a  small  basin  under  a  bell  jar  standing  over 
water;  the  water  rises  (Fig.  1).] 

If  instead  of  taking  iron  filings,  we  use  some 
liquid  quicksilver  or  mercury,  put  it  into  a 
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round-bottomed  flask,  cork  it  up  closely,  and 
heat  it  nearly  to  its  boiling  point  in  a  saucepan 
filled  with  sand,  we  find  in  a  short  time  that  red 
scales  appear  at  the  same  time  as  the  part  of  the 
air  disappears,  and  that  the  air  which  is  left  puts 
out  a  taper.  [The  red  scales  can  be  made  in 
quantity  and  bought  under  the  name  of  red 
oxide  of  mercury.'] 

Take  a  small  quantity  of  this  red  oxide  of 
mercury  and  heat  it  red  hot  in  a  test  tube,  and 
put  into  the  tube  a  long  splinter  of  wood 
which  has  a  spark  glowing  at  the  end  of  it. 
The  spark  glows  brightly,  and  almost  at  once 
bursts  into  flame. 

We  have  here  the  first  part  of  the  proof  we 
want,  viz.  that  the  part  of  the  air  which 
disappears  by  the  action  of  iron,  or  mercury,  is 
really  the  part  which  makes  things  burn, 
because  we  can  get  it  again  by  heating  the 
burnt  mercury,  and  it  then  makes  even  a  dull 
spark  burst  into  flame.  This  gas  is  called 
oxygen,  while  the  part  left  when  the  oxygen  is 
removed  and  which  puts  out  a  taper  is  called 
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nitrogen.  If  we  can  prove  that  the  amount  of 
oxygen  lost  from  a  given  volume  of  air  is  equal 
to  the  amount  formed  by  heating  the  oxide  of 
mercury  made  in  the  process,  our  proof  is 
complete ;  the  oxygen  lost 1  is  determined  by 
measuring  the  water  sucked  into  the  flask  in  the 
first  experiment,  the  amount  of  oxygen  gained 
from  the  mercury  oxide  by  collecting  the  gas 
given  off  when  the  oxide  is  heated :  the  two 
amounts  are  identical. 

Both  oxygen  and  nitrogen  are  of  extreme 
Oxygen.      importance  to  agriculture,  and  must  be  studied. 

Oxygen  is  easily  prepared  by  heating 
chlorate  of  potash,  or  red  lead,  in  a  flask. 
Take  a  flask,  fit  it  with  a  cork  and  glass 
delivery  tube  bent  so  as  to  allow  the  gas  to  be 
collected  over  water;  put  some  chlorate  of  potash 
crystals  into  the  flask  and  heat  it  with  a  flame 
(Fig.  2).  [A  small  quantity  of  black  oxide  of 
manganese  is  generally  mixed  with  the  chlorate 
to  help  the  gas  to  come  off  more  easily.] 

1  This  volume  is  more  quickly  determined  by  li eat- 
ing some  copper  turnings  in  a  tightly  corked  flask. 
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Fill  a  bottle  or  cylinder  with  water,  cork  it 
or  cover  it  with  a  glass  plate,  or  piece  of  paper, 
turn  it  upside  down  in  a  basin  of  water,  and 
then  take  away  the  plate  or  cork  without  letting 
any  air  into  the  bottle.  Put  the  basin  in  such  a 
position  that  the  end  of  the  glass  delivery  tube 
is  just  underneath  the  mouth  of  the  bottle  and 
collect  the  gas  given  off. 

Look  at  the  gas,  smell  it;  it  has  no  colour 
nor  smell. 

Put  into  other  bottles  of  the  gas  in  succession, 
(i.)  a  small  piece  of  burning  phosphorus  in  a 
small  brass  deflagrating  spoon  (Fig.  3)  ;  (ii.)  a 
small  piece  of  sulphur  burning  brightly  in 
another  spoon ;  (iii.)  a  piece  of  charcoal  held 
by  a  piece  of  copper  wire  wrapped  round  it ; 
and  (iv.)  a  piece  of  iron  wire  tipped  with  cotton 
wool  dipped  in  sulphur  and  burning.  The 
phosphorus  burns  with  a  dazzling  light, 
the  sulphur  with  a  bright  blue  flame,  the 
charcoal  with  sparks  and  a  bright  glow,  and 
the  iron  burns  brightly  with  showers  of 
sparks. 


i  o  Chemistry 

These  experiments  show  that  the  gas  is  able 
to  make  things  burn  in  an  extraordinary  way  ; 
it  is  specially  the  supporter  of  burning,  or 
combustion,  and  of  life.  The  process  of  burn- 
ing or  uniting  with  oxygen  is  called  oxidation. 
Nitrogen.  Nitrogen  is  prepared  from  the  air  by 
removing  the  oxygen  either  by  means  of  red- 
hot  copper,  or  by  the  burning,  or  oxidation  of 
phosphorus.  Take  a  bell  jar  and  stand  it  in 
a  basin  of  water ;  it  is  best  to  use  a  bell  jar 
with  a  hole  at  the  top  through  which  a  defla- 
grating spoon  fitting  tightly  in  a  cork  which  fits 
the  hole  is  passed  (Fig.  4) .  Put  a  small  piece  of 
phosphorus  in  the  spoon,  light  it  and  put  it  into 
the  bell  jar,  fixing  the  cork  tightly.  When 
the  fumes  have  gone,  look  at  the  gas  which  is 
left.  It  is  colourless  and  has  no  smell  nor  taste. 
Lower  a  burning  taper  well  into  the  gas  through 
the  hole,  it  goes  out  ;  nitrogen  does  not  support 
burning  or  combustion,  and  it  has  very  little 
desire  to  combine  with  other  bodies  under 
ordinary  circumstances.  It  is  strange  that 
such  a  body  should  be  one  which  is  absolutely 
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essential  to  the  existence  of  life,  but  we  shall 
find  that  this  is  the  case. 

N.B.  Phosphorus  is  dangerous  to  use  for 
the  first  time  without  assistance,  as  it  is  very 
inflammable  and  produces  painful  burns.  A 
shovelful  of  sand  or  garden  mould  is  best  for 
putting  it  out  should  it  catch  fire. 

We  have  seen  that  all  burning  or  oxidation 
is  accompanied  by  a  disappearance  of  oxygen 
which  appears  to  combine  with,  or  join  itself 
to  the  substance  burned.  We  may  now  ask 
whether  there  is  any  change  of  weight  in  the 
body  burned.  To  decide  this  question,  weigh 
some  copper  filings  or  zinc  dust  in  a  small  iron 
dish,  heat  them,  and  weigh  again ;  they  weigh 
more  after  heating  than  before,  and  are  at  the 
same  time  turned  black  or  white  respectively. 
This  extra  weight  must  be  due  to  oxygen,  and 
must  be  equal  to  the  weight  of  oxygen  absorbed, 
and  we  never  find  that  substances  can  appear 
or  disappear  without  altering  weight.  This  is 
another  form  of  the  Law  of  the  Conservation 
of  Matter  : — "  Matter  cannot  be  created  nor 
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destroyed  though  it  may  be  changed  into  many 

different  forms." 

If  we  compare  the  volume  of  water  sucked 

into  the  flask  in  the  first  experiment  of  standing 

iron  filings  in  air  over  water  with  the  volume  of 

water  the  flask  will  hold,  we  find  that  about 

one-fifth  of  the  volume  of  the  air  disappears,  so 

that  the  air  contains  about  one-fifth  of  its 

volume  of  oxygen,  or  more  accurately 

Oxygen  20*9 

Nitrogen        ....  791 

100-0 

The  nitrogen  serves  to  dilute  the  oxygen  and 
prevents  the  too  rapid  burning  up  of  things. 

In  all  cases  of  burning  we  notice  that  the 
burnt  bodies  are  altered  in  appearance,  and 
that  they  become  hot.  Phosphorus  and  sulphur, 
which  may  be  kept  under  water  without  change, 
are  turned  into  gases  when  they  burn  and 
disappear  from  sight  in  the  water ;  copper  is 
turned  black  and  loses  its  metallic  look ;  iron 
turns  red  when  it  rusts.    Any  change  of  this 
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kind,  which  causes  a  permanent  change  of  such 
properties  as  taste,  smell,  and  appearance,  and 
which  is  accompanied  by  the  giving  out  of  heat, 
is  called  a  chemical  change. 

In  the  cases  of  oxidation  we  have  been  con- 
sidering, the  bodies  formed  are  called  oxides, 
thus  burnt  phosphorus  is  oxide  of  phosphorus, 
burnt  sulphur  oxide  of  sulphur,  rusted  and 
burnt  iron  oxides  of  iron,  and  so  on.  Each 
oxide  contains  oxygen  in  addition  to  part  at 
least  of  the  burnt  body. 


CHAPTER  III. 


WATER. 

One  of  the  most  important  stuffs  in  the  whole 
range  of  agricultural  chemistry  is  water.  Take 
a  spadeful  of  soil  and  warm  it,  it  gives  off  steam 
and  becomes  dry,  showing  that  soil  contains 
water.  We  have  also  seen  that  plants  and  all 
living  matter  contain  about  three  quarters  of 
their  weight  of  water,  and  plants  become  flabby 
and  die  if  planted  in  dry  soil ;  hence  we  might 
expect  that  plants  get  the  water  which  they 
contain  from  the  water  of  the  soil  by  means  of 
their  roots. 

Now  if  we  compare  water  from  different 
sources,  e.g.  rain  water,  spring  water,  and  sea 
water,  we  find  that  they  have  different  tastes 
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and  properties,  and  that  they  are  not  equally 
well  suited  for  the  life  of  plants,  yet  we  call 
them  all  water. 

Put  some  rain  water,  spring  water,  and  sea 
water  into  three  saucers  and  stand  them  on  a 
stove  ;  the  rain  water  almost  entirely  disappears, 
the  spring  water  leaves  a  white  chalky  powder, 
and  the  sea  water  leaves  salt  behind.  The 
liquid  part  disappears  in  each  case,  and  if  we  heat 
each  of  these  waters  in  a  kettle  or  glass  flask, 
and  pass  the  steam  which  is  formed  through  a 
long  glass  or  tin  tube  with  a  cold  water  jacket 
(Fig.  5),  we  find  that  the  liquid  water  appears 
again  out  of  the  steam,  i.e.  is  condensed ;  the 
water  thus  obtained  is  called  distilled  water,  and 
is  exactly  the  same  in  taste  and  properties  in 
each  case ;  it  is  now  pure.  Distilled  water 
leaves  no  residue  on  evaporation. 

Take  a  piece  of  iron  gas  tube  or  thin-walled 
hard  glass  tube,  and  connect  it  with  a  flask  by 
means  of  a  cork  and  bent  glass  tube  (Fig.  6). 
Put  a  quantity  of  iron  (better  magnesium) 
filings  into  the  tube  and  some  distilled  water  into 
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the  flask,  boil  the  water  and  heat  the  tube  to 
redness.  If  a  lighted  taper  be  put  to  the  open 
end  of  the  tube  the  steam  which  comes  through 
the  tube  is  seen  to  burn.  If  the  open  end  of 
the  tube  is  fitted  with  a  cork,  and  delivery 
tube  dipping  under  water,  bubbles  of  a  colour- 
less gas  may  be  collected,  and  these  are  found 
to  burn. 

The  experiment  may  be  more  easily  done  and 
the  gas  collected  by  using  a  very  small  piece  of 
the  metal  sodium,  which  will  act  upon  water  in 
its  liquid  state ;  it  must  be  held  under  the 
water  by  a  piece  of  wire  gauze  bent  into  the 
form  of  a  cage  (Fig.  7). 

What  is  this  gas  which  burns  ?  It  has 
probably  come  from  the  water,  so  we  may  succeed 
in  finding  out  what  else  is  in  the  water  if  we  can 
make  it  into  water  again.  But  before  doing 
any  experiments  we  must  be  able  to  make  the 
gas  in  quantity. 

Take  a  bottle,  fit  it  with  a  cork  bored  with 
two  holes,  through  which  pass  a  piece  of  wide 
tube  (or  a  thistle  funnel)  reaching  to  the  bottom 
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of  the  bottle  and  a  delivery  tube  (Fig.  8a) .  Put 
some  strips  of  zinc  or  iron  into  the  bottle,  cover 
them  with  water  and  pour  down  the  wide  tube 
some  sulphuric  acid  (oil  of  vitriol),  or  hydro- 
chloric acid  (spirit  of  salt) .  The  mixture  begins 
to  fizz  violently,  and  after  a  few  minutes  the  gas 
may  be  conveniently  collected  over  water  as  in 
the  case  of  oxygen.  It  burns  just  in  the  same 
way  as  the  steam  which  wras  passed  over  the 
red-hot  iron  ;  this  gas  is  called  hydrogen. 

Take  the  battle  from  which  the  gas  is  coming 
off  quickly  and  light  the  gas  at  the  end  of  the 
delivery  tube.  Take  a  glass  lamp  chimney  and 
put  it  over  the  flame.  In  a  few  moments  the 
glass  is  covered  with  dew,  so  that  the  hydrogen 
burns  in  air  to  form  water.  In  order  to  make 
quite  sure  whether  the  hydrogen  is  burning 
with  the  oxygen  or  the  nitrogen  or  both,  mix 
pure  hydrogen  with  pure  oxygen  in  one  soda- 
water  bottle,  and  with  pure  nitrogen  in  another 
soda-water  bottle,  and  apply  a  light  to  each.  The 
bottle  containing  oxygen  gives  a  violent  ex- 
plosion and  dew  is  formed,  while  the  nitrogen 

VOL,  I.  C 


1 8  Chemistry 

bottle  burns  only  at  the  month  where  the 
contents  reach  the  air.  Hence  the  hydrogen 
combines  with  the  oxygen  alone  to  form  water. 

Now  if  we  compare  hydrogen  and  oxygen 
with  the  mixture  of  the  two  gases  and  with  the 
steam  got  by  exploding  the  mixture,  we  notice, — 

(i.)  A  permanent  change  of  properties  after 
the  explosion.  Two  gases  became  a  liquid. 
Steam  does  not  burn  like  hydrogen,  nor  make 
things  burn  like  oxygen. 

(ii.)  Heat  is  given  out,  with  flame  and 
explosion. 

Therefore,  water  is  formed  by  a  chemical 
combination  of  hydrogen  and  oxygen,  or  is  a 
chemical  compound  of  hydrogen  and  oxygen. 

Let  us  now  examine  a  jar  of  hydrogen ;  it 
is  found  to  be  a  colourless,  tasteless,  scentless 
gas. 

Put  a  lighted  taper  to  the  mouth  of  another 
jar  of  the  gas.  It  burns  in  air  as  in  oxygen 
to  form  water.  A  jar  of  gas  placed  with  its  open 
end  up  is  soon  empty  of  hydrogen,  and  when  the 
gas  is  blown  into  soap  bubbles  they  rise,  showing 
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that  it  is  lighter  than  air.  It  is  in  fact  the 
lightest  stuff  known,  and  is  used,  in  consequence, 
for  filling  balloons. 

We  have  now  a  further  question  to  ask  : 
When  hydrogen  and  oxygen  combine,  do  they 
do  so  in  any  special  proportions,  or  will  any 
quantity  of  hydrogen  combine  with  all  other 
quantities  of  oxygen?  The  answer  may  be 
given  in  two  ways,  (i.)  as  regards  the  weights  of 
the  gases,  and  (ii.)  as  regards  their  volumes. 

(i.)  The  composition  of  water  by  weight  has 
been  determined  in  the  following  way  : — 

A  stream  of  pure  dry  hydrogen  gas  is  passed 
over  a  known  weight  of  previously  dried  copper 
oxide  contained  in  a  hard  glass  bulb  (Fig.  9). 
When  the  apparatus  is  full  of  hydrogen  the  bulb 
is  heated  ;  under  these  circumstances  the  oxide 
of  copper  gives  off  its  oxygen  to  the  hydrogen. 
Water  is  formed,  and  it  is  collected  in  a  U- 
shaped  tube  filled  with  some  substance  which 
eagerly  combines  with  water,  e.g.  calcium 
chloride.  The  tube  and  its  contents  are 
weighed  before  beginning  the  experiment.  After 
c  2 
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the  action  has  gone  on  for  some  time,  the  bulb 
is  allowed  to  cool  in  the  stream  of  hydrogen 
gas,  and  then  the  apparatus  is  taken  to  pieces, 
the  hydrogen  is  sucked  out,  and  the  bulb  and  U- 
tube  are  weighed.  The  difference  between  the 
two  weighings  of  the  copper  oxide  bulb  is  the 
amount  of  oxygen  removed  from  the  oxide  of 
copper  and  made  into  water,  and  the  weight  of 
the  water  formed  is  the  difference  between  the 
weighings  of  the  calcium  chloride  tube. 

Thus,  if  the  oxide  of  copper  bulb  weighs 
15*07  gm.  before  and  14'35  gm.  after  the  ex- 
periment, then  072  gm.  of  oxygen  have  com- 
bined with  hydrogen ;  and  if  the  calcium 
chloride  tube  weighs  47*53  gm.  before  and 
48*34  gm.  after,  the  water  formed  must  be  0*81 
gm.  No  trace  of  any  other  oxygen  compound 
can  be  discovered,  so  that  all  the  oxygen  appears 
in  the  form  of  water,  or  0*81  gm.  of  water  is 
made  up  of  0*72  gm.  of  oxygen  and  0*09  gm. 
of  hydrogen. 

Hence  100  parts  by  weight  of  water  are  made 
up  of 
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Oxygen  .  .  88*89 
Hydrogen    .       .  11*11 

or  taking  hydrogen  as  one,  nine  parts  of  water 
are  made  up  of  8  of  oxygen  and  1  of  hydrogen. 

Now  it  does  not  matter  how  often  this  experi- 
ment is  done,  or  what  hydrogen  and  oxygen  are 
used,  the  result  is  always  the  same,  and  it  is  a 
characteristic  of  chemical  compounds  that  they 
are  always  made  up  of  the  same  elements  com- 
bined  in  the  same  proportions. 

This  important  statement  is  called  the  First 
Law  of  Chemical  combination,  or  The  law  of 
constant  proportions,  and  was  first  definitely 
stated  by  John  Dalton  in  1808. 

(ii.)  This  law  also  applies  to  the  volumes  of 
gases  which  unite  to  form  chemical  compounds. 

Take  a  long  graduated  glass  tube  closed  at 
one  end  where  two  platinum  wires  are  sealed 
through  the  glass,  called  a  eudiometer  (Fig.  10). 
Pass  into  the  tube  standing  over  water  or  quick- 
silver 4  cc.  of  hydrogen  gas  and  then  an  excess 
say  6  cc.  of  oxygen  and  hold  the  tube  tightly 
pressed  down  on  an  india-rubber  cork.    Pass  an 
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electric  spark  between  the  two  platinum  wires  ; 
an  explosion  occurs,  and  the  liquid  rises  in  the 
tube,  4cc.  of  a  gas  are  left  behind  and  are  shown 
to  be  oxygen  by  means  of  a  glowing  splinter. 
Hence  6  — 4  =  2  cc.  of  oxygen  have  combined 
with  4  cc.  of  hydrogen  to  form  water,  which 
has  become  liquid,  or  the  proportion  in  which 
hydrogen  and  oxygen  combine  by  volume  to 
form  water  is  as  2  to  1. 

[This  relation  by  volume  may  be  more  easily 
but  less  satisfactorily  shown  by  passing  a  cur- 
rent of  electricity  through  water  acidulated  with 
sulphuric  acid,  by  means  of  two  platinum  plates 
connected  with  the  poles  of  a  battery.  Bubbles 
of  gas  are  given  off  from  each  plate,  are  col- 
lected in  test  tubes,  and  may  be  shown  to  be 
hydrogen  and  oxygen.  The  hydrogen  is  found 
to  be  given  off  twice  as  rapidly  as  the  oxygen.] 

We  can  sum  up  these  facts  in  the  statement 
that :  Water  is  a  chemical  compound  of 
hydrogen  and  oxygen,  and  they  combine  to  form 
it  in  the  proportion  of  88*89  of  oxygen  to  11*11 
of  hydrogen,  i.e.  in  the  proportion  of  8  to  1  by 
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weight,  and  in  the  proportion  of  1  to  2  by 
volume. 

Further  experiments  with  oxygen,  hydrogen  Elements. 
and  nitrogen,  shew  that  we  cannot  change 
them  into  anything  else,  and  only  into 
anything  possessing  properties  different  from 
their  own  by  chemical  combination  with  other 
bodies.  For  this  reason  we  believe  that 
they  are  as  simple  bodies  as  it  is  at  present 
possible  to  get,  and  so  we  call  them  elements. 
Whenever  we  examine  any  stuff  by  chemical 
means  we  always  come  at  last  to  one  or  more 
elements,  beyond  which  we  have  not  been  able 
to  go  by  further  splitting. 

Having  now  found  out  the  composition  of 
water,  it  is  necessary  to  return  to  the  various 
kinds  of  natural  waters  with  which  we  started 
at  first. 

To  all  appearances  clean  rain  water,  spring 
water,  and  sea  water  are  exactly  the  same,  yet 
they  taste  differently,  and  leave,  as  we  have 
seen,  different  residues  when  evaporated. 

We  can  filter  sea  water  by  passing  it  through  Solution. 
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sand,  cloth  or  blotting-paper,  and  yet  it  is 
salt,  and  we  can  only  get  our  water  free 
from  salt  by  distillation;  the  salt  is  for  all 
practical  purposes  part  of  the  water,  and  when 
we  find  a  solid  acting  in  this  way  we  say  that 
it  is  soluble,  and  that  the  water  is  a  solution 
of  the  solid. 

Take  some  soil,  boil  it  with  some  water,  in  a 
pan  or  flask,  and  pour  the  muddy  liquid  into  a 
funnel  which  is  lined  with  a  cone  of  unsized  paper, 
called  ei filter.  In  spite  of  the  small  size  of  the 
particles  of  the  soil,  the  water  will  run  through 
quite  clear  in  a  short  time,  the  smallest  solid 
particles  being  unable  to  pass  through  the  very 
fine  holes  in  the  paper.  The  water  which  runs 
through  may  be  evaporated  to  dryness,  leaving 
a  white  solid  residue,  which  must  have  been  in 
solution. 

Now  when  we  examine  the  finest  roots  of 
any  plant  under  a  microscope  we  see  that  they 
are  completely  covered  by  a  very  thin  skin,  so 
that  the  plant  can  only  use  for  its  food  those 
substances  which  are  soluble  enough  to  pass 
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through  this  skin,  and  a  comparison  of  the  soil 
water  and  of  the  sap  will  show  which  soluble 
substances  are  able  to  pass  through  in  solution. 
This  comparison  will  follow  after  we  have 
considered  the  different  substances  which  are 
present  in  the  soil  and  in  the  sap. 

Boil  some  water  and  add  alum  until  some  of 
it  remains  in  the  solid  state,  undissolved ;  allow 
the  solution  to  cool.  Crystals  of  solid  alum  are 
formed  in  the  cooling  liquid  ;  it  cannot  hold  all 
the  alum  dissolved.  Such  a  solution  which 
contains  as  much  dissolved  solid  as  it  can  hold 
is  called  a  saturated  solution. 

Take  a  flask  or  bottle  full  of  spring  water 
and  boil  it.  Bubbles  of  a  gas  which  look  like 
air  are  seen  forming  on  the  inside  of  the  flask, 
and  may  be  collected  with  the  assistance  of  a 
glass  delivery  tube. 

The  water  will  now  taste  flat  and  like 
distilled  water.  Now  the  gas  was  not  visible 
in  the  water  at  first,  and  would  have  remained 
in  it  if  we  had  not  warmed  it,  so  that  water 
dissolves  gases  just  as  it  does  solid  bodies. 
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If  we  start  with  river  water  and  collect  the 
gas  from  that,  we  find  that  the  gas  will  make  a 
glowing  splint  burst  into  flame,  showing  that  it 
contains  more  oxygen  than  ordinary  air.  In 
fact  oxygen  dissolves  more  easily  in  water  than 
nitrogen  does,  and  this  is  extremely  important 
both  to  plant  roots  and  to  animals  which 
cannot  live  in  absence  of  oxygen. 

This  experiment  also  shows  that  air  cannot 
be  a  compound  of  oxygen  and  nitrogen,  but  is 
a  mixture  of  those  elements,  for  if  it  were  a 
compound  it  would  obey  the  law  of  constant 
proportions  and  the  two  gases  would  dissolve  in 
water  in  the  same  proportion  as  that  in  which 
they  exist  in  the  air. 


CHAPTEE  IV. 


CARBON — CARBON  DIOXIDE. 

In  the  course  of  our  first  experiment  of  heating 
a  leaf  in  the  air  we  found  that  it  first  dried 
and  then  left  a  black  charred  mass  of  char- 
coal. 

Take  a  piece  of  charcoal  and  heat  it ;  the 
black  part  burns  and  disappears,  leaving  a  small 
quantity  of  a  white  ash  which  does  not  burn. 
Coal  burns  just  in  the  same  way,  leaving  a 
white  or  reddish  ash  which  will  not  burn. 
What  is  the  black  substance  which  burns? 
Before  answering  this  question  we  shall  try  to 
find  out  what  becomes  of  the  black  substance 
when  it  does  burn.  Fit  a  cork  to  each  end  of 
a  piece  of  hard  glass  tubing  about  six  inches 
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long,  bore  a  hole  through  each  cork,  and  pass  a 
piece  of  glass  tube  through  each,  one  piece 
short  and  straight  about  two  inches  long,  the 
other  longer  and  bent  at  a  right  angle  (Fig.  11). 
Attach  a  bellows  to  the  short  piece  by  means  of 
a  piece  of  india-rubber  tubing,  put  a  small 
piece  of  charcoal  in  the  tube,  support  the  tube 
horizontally,  and  dip  the  end  of  the  bent  tube 
into  some  lime  water  [made  by  shaking  water 
with  a  lump  of  freshly  burned  quicklime,  and 
allowing  it  to  stand  till  clear].  Blow  air 
through  the  tubes  and  lime  water ;  very  little 
change  is  seen.  Now  heat  the  piece  of  char- 
coal by  a  lamp,  and  when  it  lights  blow  again. 
The  charcoal  is  seen  to  glow  and  burn  away  and 
at  the  same  time  the  lime  water  turns  milky, 
showing  that  though  the  charcoal  seems  to 
disappear,  yet  it  is  only  changed  into  something 
with  the  property  of  turning  lime  water  milky. 
.A  substance  having  exactly  the  same  effect  is 
got  by  burning  charcoal  in  oxygen. 

Now  take  some  chalk  and  heat  it  to  bright 
redness  in  a  hard  glass  tube  loosely  corked. 
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Pour  the  gaseous  contents  of  the  tube  into  a 
test  tube  of  lime  water  and  shake  the  latter : 
it  turns  milky,  showing  that  chalk  when 
heated  gives  off  something  which  is  apparently 
the  same  as  that  which  is  formed  when  char- 
coal burns  in  air. 

Again,  pour  some  vinegar  or  hydrochloric 
acid  upon  chalk,  limestone,  or  marble,  the 
mixture  fizzes,  and  bubbles  of  a  colourless  gas 
are  formed.  These  bubbles  turn  lime  water 
milky,  so  that  we  should  expect  that  the  gas  into 
which  charcoal  burns  when  it  burns  in  air  and 
which  also  turns  lime  water  milky,  is  really 
this  same  colourless  and  invisible  gas. 

In  order  to  test  this  we  must  be  able  to  make 
the  gas  in  quantity.  Take  a  wide-mouthed 
bottle,  fit  it  with  a  cork  (see  Pig.  8b),  through 
which  two  holes  are  bored,  and  pass  through  one 
hole  a  long  glass  tube  with  a  funnel  at  the  top 
[a  thistle  funnel]  or  a  wide  glass  tube  reaching 
to  the  bottom  of  the  bottle,  and  through  the 
other  hole  a  tube  bent  twice  at  right  angles  so 
as  to  reach  nearly  to  the  table.    Place  some 
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pieces  of  marble  in  the  bottle,  nearly  cover  them 
with  water,  and  pour  some  hydrochloric  acid 
through  the  funnel  tube ;  the  gas  comes  off. 
Put  the  end  of  the  delivery  tube  down  into  a 
glass  jar  to  fill  it  with  the  gas. 

We  can  now  prove  that  this  gas  is  the  same 
as  that  which  is  made  by  burning  charcoal  in 
the  air.  Pass  the  gas  through  lime-water,  it 
turns  it  milky. 

Make  a  bundle  of  strips  of  magnesium 
ribbon  about  6  in.  long,  light  one  end  and 
plunge  it  into  the  jar  just  filled  with  the  gas 
formed  by  the  action  of  hydrochloric  acid  upon 
marble.  The  metal  goes  on  burning  with  a 
redder  flame,  but,  instead  of  forming  a  pure 
white  ash,  makes  a  grey  ash  which  only  partly 
dissolves  in  hydrochloric  acid,  leaving  a  black 
solid  which  is  to  all  appearance  charcoal,  and 
may  be  proved  to  be  so  by  burning  again  and 
passing  the  gas  formed  through  lime  water. 

The  ash  formed  by  burning  magnesium  in  air 
or  oxygen  dissolves  without  residue  in  hydro- 
chloric acid. 
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There  can  be  no  doubt  that  the  charcoal  on 
burning  forms  part  of  the  invisible  gas  which 
turns  lime-water  milky,  though  they  are 
quite  unlike.  If  a  lighted  taper  is  put  into  a 
jar  of  the  gas,  it  goes  out,  so  that  the  gas  is 
quite  unlike  oxygen ;  heat  is  also  given  out 
when  it  is  made  by  burning  charcoal,  so  that 
we  consider  it  a  chemical  compound  of  the 
black  part  of  charcoal  with  oxygen,  and  we  call 
it  carbon  dioxide ;  the  black  part  of  the  char- 
coal or  coal  from  which  it  is  formed  being  called 
carbon. 

Now  carbon  has  always  the  same  properties 
in  charcoal  and  coal  and  it  has  not  been  split  up, 
it  is  another  of  the  simple  bodies  or  elements. 
The  same  weight  of  carbon  always  burns  to 
form  the  same  weight  of  carbon  dioxide,  i.e. 
3  gm.  of  carbon  always  combine  with  8  gm.  of 
oxygen  to  form  11  gm.  of  carbon  dioxide. 

Fill  some  more  jars  with  carbon  dioxide  ;  it 
is  colourless,  and  has  a  slight  smell  and  taste  of 
soda  water. 

Plunge  a  lighted  taper  into  one  jar  of  the 
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gas.  It  goes  out,  showing  that  carbon  dioxide 
prevents  burning :  carbon  dioxide  is  fatal  to 
life  in  a  similar  way  by  causing  suffocation. 

Take  the  cover  off  one  jar,  the  gas  remains  ; 
turn  the  jar  upside  down  and  test  again.  The 
gas  has  disappeared  and  must  have  poured  out 
of  the  jar.  Lower  a  small  cup  or  bottle  into 
another  jar  of  the  gas  and  draw  it  out  again. 
The  gas  in  the  small  bottle  will  now  put  out  a 
taper  and  is  carbon  dioxide.  It  has  been  drawn 
up  like  water  in  a  bucket  from  a  well. 

Put  some  water  in  a  jar,  put  your  hand  on 
the  top  and  shake  up.  Your  hand  will  be 
sucked  into  the  mouth  of  the  jar,  showing  that 
absorption  has  taken  place. 

Pour  some  purple  cabbage  or  litmus  solution 
into  the  jar,  the  colour  changes  to  crimson ; 
this  is  characteristic  of  acid  bodies,  and  a 
solution  of  carbon  dioxide  in  water  is  often 
called  carbonic  acid. 

Take  some  lime  water  and  breathe  through 
it  by  means  of  a  piece  of  glass  tube  ;  the  lime 
water  is  seen  to  go  milky,  hence  our  breath 
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contains  carbon  dioxide  which  must  come  from 
the  oxidation  or  slow  burning  of  carbon  in 
our  bodies. 

Take  some  sprouting  corn  or  any  seed  and 
place  it  under  a  bell  jar  with  some  lime  water 
in  a  saucer.  The  lime  water  soon  becomes 
milky,  showing  that  living  things  give  out 
carbon  dioxide. 

What  becomes  of  it  ?  We  know  that  some 
is  in  the  air,  because  lime  water  soon  becomes 
cloudy  when  left  in  the  air,  but  there  is  only  a 
small  quantity.  It  is  removed  from  the  air  by 
green  plants,  which  are  able  to  build  it  up  into 
their  own  leaves  and  stems,  and  return  an 
equal  volume  of  oxygen  to  the  air,  and  so  the 
amount  of  carbon  dioxide  never  rises  very  high 
in  the  open  air. 

But  in  a  closed  room  or  stable  the  carbon 
dioxide  may  be  increased  to  a  fairly  high 
percentage,  and  then  has  the  effect  in  course  of 
time  of  inducing  weakness  of  the  lungs.  Hence 
we  have,  in  another  volume,  to  consider  the 
practical  ways  of  removing  it  and  substituting 

VOL.  I.  D 


34  Chemistry 

pure  air  without  making  draughts,  i.e.  venti- 
lation. 

A  man  breathes  out  about  1200  cubic  inches 
of  carbon  dioxide  per  hour  which  make  3000 
cubic  feet  of  air  unfit  to  breathe,  so  that  each 
person  requires  at  least  3000  cubic  feet  of  pure 
air  per  hour. 

The  solution  of  carbon  dioxide  in  water 
takes  place  more  readily  under  pressure,  and 
gives  us  the  familiar  soda  water.  The  gas  is 
also  formed  largely  in  fermentation,  and  is 
present  in  fermented  drinks.  Take  some  soil 
water  and  boil  it.  The  gas  given  off  is  mostly 
carbon  dioxide,  and  the  solution,  carbonic  acid, 
has  a  most  interesting  solvent  action,  as  it  takes 
up  from  the  soil  many  substances  which  pure 
water  would  not  be  able  to  dissolve.  In  fact, 
this  solution  of  carbon  dioxide  in  water  is  one  of 
the  chief  agents  which  help  plants  to  attack  the 
soil  particles.  The  carbon  dioxide  is  formed  by 
the  fermentation  of  decaying  vegetable  matter 
in  the  soil,  and  we  return  to  this  point  later. 

If  we  burn  another  black  substance,  black 
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lead  or  graphite,  in  oxygen  we  find  that 
it  forms  the  same  gas,  carbon  dioxide,  and 
the  same  amount  of  it,  from  equal  weights 
of  both  substances,  so  that  black  lead  must 
be  another  kind  of  carbon;  the  diamond 
acts  in  a  similar  way,  so  that  these  three, 
charcoal,  graphite,  and  diamond,  are  generally 
called  allotropic  forms  of  the  element  carbon. 

We  now  know  four  elements — nitrogen, 
oxygen,  hydrogen  and  carbon — which  have  all 
their  own  properties,  are  obtained  by  splitting 
up  bodies  we  know,  and  give  rise  to  other 
bodies  we  know  by  combination  with  one 
another.  It  is  convenient  to  be  able  to  write 
out  the  composition  of  a  body  in  terms  of  the 
elements  of  which  it  is  built  up ;  e.g.  if  we 
take  the  initial  letters  of  the  elements  to 
represent  them,  i.e.  N,  0,  H,  C,  to  represent 
nitrogen,  oxygen,  hydrogen,  and  carbon  respec- 
tively, then  water,  which  is  a  compound  of 
hydrogen  and  oxygen,  may  be  represented  by 
(HO)  and  carbon  dioxide,  a  compound  of  carbon 
and  oxygen,  by  (CO). 

P  % 
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But  when  elements  combine  they  do  so  in 
fixed  proportions,  e.g.  hydrogen  with  oxygen 
as  1  : 8,  carbon  with  oxygen  as  3:8,  so  that 
we  find  it  still  more  useful  to  attach  the  idea 
of  a  definite  weight  to  each  initial.  The 
weights  taken  for  N,  0,  H,  and  C,  are 
14,  16,  1  and  12  respectively,  so  that  by  means 
of  these  symbols  we  can  spell  out  the  weights 
as  well  as  the  elements  which  combine  to  form 
a  compound. 

In  this  way  water  in  which  1  of  hydrogen 
combines  with  8  of  oxygen,  or  2  of  hydrogen 
with  16  of  oxygen,  becomes  H20,  and  carbon 
dioxide  with  12  of  carbon  to  32  of  oxygen 
becomes  C02. 

These  symbols  are  called  the  formulae  of 
the  compounds,  and  the  weights  attached 
the  formula  weights. 

We  must  now  return  for  a  few  moments  to 
the  chalk,  which  gave  us  our  carbon  dioxide  by 
the  action  of  hydrochloric  acid.  What  other 
substance  or  substances  are  present  in  chalk  ? 

Heat  some  chalk  in  an  open  nickel  or  iron 
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dish,  or  in  an  open  crucible,  to  a  bright  red 
heat,  remove  it  from  the  flame  to  cool.  It 
weighs  less  than  when  we  started,  and  we 
know  that  it  has  given  off  carbon  dioxide.  A 
white  or  yellowish  solid  is  left,  which  is  not 
crystalline,  and  is  in  fact  quicklime. 

Pour  some  water  on  a  lump  of  freshly 
burned  quicklime,  the  lime  gets  hot  and 
begins  to  crumble  to  a  fine  white  powder, 
slaked  lime.  This  powder  weighs  more  than 
the  quicklime,  and  is  quite  dry,  but  on  heating 
gives  off  steam. 

The  observations  which  we  have  already  made 
on  chemical  change,  p.  18,  suggest  that  the 
water  has  entered  into  combination  with  the 
quicklime  to  form  a  compound  ;  that  is  the  case, 
and  the  compound  is  called  a  hydroxide  or 
hydrate.  Put  some  of  the  slaked  lime  in  water 
and  shake  it  up  for  some  time,  then  filter  the 
solution  ;  some  of  the  solution  when  evaporated 
to  dryness  leaves  a  solid  behind  which  is  found 
to  be  slaked  lime,  so  that  lime  is  slightly 
soluble  in  water  ;  the  solution  is  lime  water. 
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Pour  some  litmus  or  red  cabbage  solution  into 
lime  water ;  it  is  turned  blue  or  green.  Solutions 
which  act  in  this  way  are  called  alkaline. 

Though  we  cannot  prove  for  ourselves  the 
nature  of  quicklime,  we  believe  that  it  is  the 
oxide  of  a  metal,  calcium.  We  represent  this 
by  the  symbol  Ca  and  lime  by  CaO.  Any  oxide 
of  a  metal  which  acts  in  this  manner  is  called 
a  basic  oxide,  so  quicklime  is  a  bogie  oxide  of 
the  metal  calcium. 

Now  chalk  gives  off  carbon  dioxide  when 
heated,  leaving  quicklime,  and  it  also  gives 
off  carbon  dioxide  by  the  action  of  an 
acid ;  it  is  unlike  both  quicklime  and  carbon 
dioxide,  since  it  does  not  turn  litmus  solution 
blue  and  is  not  a  gas,  hence  it  must  be  a 
chemical  compound  of  quicklime  and  carbon 
dioxide.  Such  a  compound  is  called  a 
carbonate,  and  chalk  is  called  carbonate  of 
calcium. 

Pass  some  carbon  dioxide  into  lime  water, 
and  collect  the  white  solid  or  precipitate  on  a 
piece  of  filter  paper.     Pour  some  dilute  acid 
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on  the  solid,  it  fizzes,  giving  off  carbon 
dioxide,  so  that  the  white  precipitate  is 
chalk  which  has  been  formed  by  the  combina- 
tion of  the  carbon  dioxide  with  the  dissolved 
lime,  and  has  separated  in  the  solid  state  because 
it  is  insoluble  in  water. 

Now  chalk  is  hard  and  not  easily  acted  upon, 
while  slaked  lime,  into  which  quicklime  is 
rapidly  converted  in  the  air,  or  by  the  action  of 
water,  is  a  powder,  so  that  the  formation  of  chalk 
from  quicklime  is  attended  by  a  hardening  of 
the  slaked  lime  first  formed.  In  this  way 
mortar  is  formed,  the  slaked  lime  being  mixed 
with  sand  enough  to  make  a  plastic  mass,  and 
to  allow  the  carbon  dioxide  of  the  air  to  pass 
right  through  it.  The  chalk  which  is  slowly 
formed  is  hard,  and  so  binds  together  the 
bricks  between  which  it  is  placed. 

Pass  some  carbon  dioxide  through  lime 
water  for  some  time,  the  milkiness  soon 
disappears.  What  has  become  of  the  chalk  ? 
It  has  been  dissolved  by  the  solution  of  carbon 
dioxide  in  water  so  as  to  form  a  compound. 
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Boil  the  solution,  the  compound  is  decomposed, 
the  carbon  dioxide  given  off,  and  the  chalk 
precipitated.  This  is  the  action  which  takes 
place  when  hard  water  is  boiled,  resulting  in 
the  formation  of  fur  in  kettles  and  boilers. 
This  precipitated  chalk  was  dissolved  out  of 
soil  or  rock  by  the  carbonic  acid  contained  in 
rain  and  soil  water,  and  gives  an  example  of 
the  solubility  of  a  plant  food  in  carbonic  acid 
solution  already  mentioned. 

In  making  carbon  dioxide  by  blowing  air 
or  oxygen  through  a  tube  full  of  red-hot 
charcoal,  if  the  oxygen  is  only  passed  slowly, 
the  gas  which  is  collected  burns  with  a 
blue  flame  when  a  lighted  taper  is  applied 
to  it.  It  burns  to  carbon  dioxide  only 
and  is  found  to  contain  half  as  much  oxygen 
as  that  gas.  It  is  called  carbon  monoxide  and 
represented  by  CO.  Carbon  monoxide  is  a 
poisonous  gas,  and  as  it  is  formed  by  charcoal 
or  coke  fires,  these  should  not  be  used  except 
in  rooms  provided  with  a  chimney. 
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COMMON  SALT. 

The  next  subject  offering  itself  for  study  is 
the  plant  ash,  which  contains  the  inorganic 
mineral  part  of  the  plant,  the  part  which  must 
be  taken  up  by  the  plant  from  the  soil. 

Take  some  ashes  from  a  wood  fire  and  boil 
them  with  water,  part  remains  unchanged,  part 
goes  into  solution  and  may  be  regained  by 
filtering  the  solution  and  evaporating  the 
water.  This  is  sufficient  to  show  that  the  ash 
is  not  nearly  so  simple  a  stuff  as  either  water 
or  charcoal,  and  we  shall  make  better  progress 
at  first  by  studying  some  of  the  substances 
present  both  in  the  ash  and  the  soil ;  among 
the  simplest  of  these  is  common  salt. 

Take  some  small  lumps  of  common  salt,  put 
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them  into  a  jar  withiai  glass  plate  or  a  saucer 
to  cover  it,  and  pour  on  the  lumps  some  strong 
sulphuric  acid  (oil  of  vitriol).  There  is  an 
immediate  effervescence  and  a  large  quantity 
of  white  fumes  are  seen,  which  gradually  rise 
in  the  jar.  Test  the  fumes  with  a  lighted 
taper,  it  is  put  out. 

The  fumes  disappear  as  the  jar  fills,  and  it 
is  now  found  to  contain  a  colourless  gas  which 
fumes  where  it  reaches  the  air,  puts  out  a 
burning  taper,  and  has  a  curious  smell  like 
very  strong  soda  water,  but  giving  rise  to 
coughing  and  irritation  of  the  nose  and  throat. 
The  gas  is  heavy,  about  one  and  a  quarter 
times  as  heavy  as  air.  Prepare  more  of  the  gas 
in  a  bottle  and  lead  it  into  a  jar  by  a  delivery 
tube  (Fig.  8b)  ;  pour  some  water  into  the  jar, 
the  water  at  once  dissolves  the  gas  and  makes  a 
solution  which  has  a  very  sour  taste  and  turns 
litmus  solution  a  bright  red  colour.  It  is  in 
fact  an  acid  solution  and  is  called  hydrochloric 
acid  (muriatic  acid,  spirit  of  salt). 

[The  experiment  is  more  effective  if  the  jar 
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which  is  filled  with  the  gas  is  covered  with  a 
glass  plate,  and  then  placed  with  its  month 
nnder  water  before  removing  the  plate  :  the 
water  immediately  rises,  showing  that  the  gas 
is  very  soluble  in  water.] 

The  same  facts  are  noticed  when  chloride  of 
potassium  [muriate  of  potash]  and  kainit  are 
heated  with  strong  sulphuric  acid. 

What  is  this  gas  ?  To  answer  this  question 
we  must  take  a  piece  of  hard  glass  tube  filled 
with  magnesium,  or  zinc  or  iron  filings,  heat  the 
tube  and  pass  the  gas  through  (Fig.  12a).  Fit 
a  delivery  tube  into  one  end  of  the  hard  glass 
tube  with  its  free  end  under  water,  bubbles  of 
a  gas  will  be  seen  rising  through  the  water, 
showing  that  they  are  insoluble  in  water. 
Collect  a  few  bubbles  and  apply  a  light,  the 
gas  burns :  it  is  hydrogen.  Hence  we  may 
assume  for  the  present  that  hydrochloric  gas 
contains  hydrogen. 

Take  another  piece  of  hard  glass  tube,  put 
into  it  some  red  lead  and  heat  it.  Pass  some 
hydrochloric  acid  gas  through  the  tube.  The 
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red  lead  turns  white,  drops  of  water  are  seen 
to  be  formed,  and  a  yellow  gas  appears  which 
may  be  collected  in  a  jar  by  means  of  a 
delivery  tribe  bent  downwards  (Fig.  12b). 

The  yellow  gas  has  a  characteristic  smell, 
is  very  heavy,  two  and  a  quarter  times  as  heavy 
as  air,  and  is  slightly  soluble  in  water.  It  was 
proved  to  be  an  element  by  Davy  in  1806,  and 
is  called  chlorine. 

It  thus  seems  as  if  we  had  been  able  to  get 
another  substance  from  hydrochloric  acid  gas, 
besides  hydrogen,  viz.  chlorine,  and  it  only 
remains  to  see  whether  it  is  so,  or  if  we  may  have 
passed  over  anything.  Mix  equal  volumes  of 
hydrogen  and  chlorine  in  a  strong  glass  tube 
and  apply  a  light.  The  gases  combine  with 
explosive  violence  and  reform  hydrochloric 
acid  gas  and  nothing  else.  Hence  it  must  be  a 
chemical  compound  of  hydrogen  and  chlorine. 

[The  combination  may  be  effectively  brought 
about  by  means  of  the  light  of  burning 
magnesium  ribbon.  The  chlorine  is  collected 
over  a  saturated  solution  of  chlorine  in  water. 
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When  the  tube  is  about  half  full  a  brown  paper 
cover  is  slipped  over  it  and  hydrogen  is  run  in 
until  the  tube  is  full.  Cork  loosely  and  remove 
the  cover,  and  burn  the  magnesium  ribbon  close 
to  the  tube.  N.B. — The  tube  must  be  specially 
made  for  the  purpose  of  gas  explosions.] 

We  can  now  study  the  properties  of 
hydrochloric  acid  solution.  It  is  a  colourless 
liquid  when  pure  (yellow  when  impure),  which 
fumes  strongly  in  the  air  and  turns  litmus  or 
purple  cabbage  solution  bright  red. 

Pour  some  of  the  acid  solution  on  zinc,  iron 
or  magnesium,  hydrogen  is  given  off  and  in  a 
short  time  the  solution  does  not  turn  litmus 
solution  red,  and  has  lost  its  characteristic 
sour  taste.  If  we  evaporate  the  solutions  to 
dryness  we  get  white  or  yellow  solids  which 
give  off  hydrochloric  acid  gas  on  treatment 
with  sulphuric  acid ;  these  bodies  resemble 
common  salt  and  are  called  chlorides  of  zinc, 
iron  or  magnesium,  respectively.  The  metals 
have  disappeared  and  in  their  place  we  have 
the  salt-like  solids  and  hydrogen,  so  that  we  at 
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once  arrive  at  the  two  characteristics  of 
hydrochloric  acid  : — 

(1)  It  contains  hydrogen  which  can  be 
displaced  by  a  metal. 

(2)  It  turns  litmus  solution  red  and  loses 
that  property  when  its  hydrogen  is  displaced 
by  a  metal. 

Hydrochloric  acid  gas  is,  as  we  have  seen, 
easily  converted  into  chlorine  gas  by  the  action 
of  red  lead,  drops  of  water  being  formed  at  the 
same  time.  Now  we  know  that  hydrochloric 
acid  gas  contains  nothing  except  hydrogen  and 
chlorine,  and  red  lead  is  made  by  heating  lead 
in  air,  and  roasting  the  oxide  in  air,  and  contains 
no  water  nor  hydrogen,  so  that  the  water  must 
have  come  from  the  hydrogen  of  the  hydro- 
chloric acid  gas.  Hence  chlorine  is  formed 
from  hydrochloric  acid  gas  by  the  burning  or 
oxidation  of  the  hydrogen  which  it  contains  by 
means  of  the  oxygen  of  an  oxide.  But  it  is 
not  necessary  to  use  hydrochloric  acid  gas,  as 
oxidation  of  the  hydrogen  may  be  more  easily 
brought  about  in  a  strong  solution  by  means  of 
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red  lead  oxide,  or  many  other  bodies  which  are 
willing  to  give  off  oxygen — the  most  convenient 
of  these  is  permanganate  of  potash,  though 
black  oxide  of  manganese  is  also  used  on  a 
large  scale. 

Fit  up  a  flask  with  a  thistle  funnel  and 
delivery  tube  (Fig.  8b),  put  in  about  half  an 
ounce  of  potassium  permanganate,  just  cover 
it  with  water  and  pour  in  hydrochloric  acid 
solution.  Chlorine  is  rapidly  set  free.  It  may  be 
collected  over  water  or,  since  it  is  heavier  than 
air,  in  a  dry  jar.  [Experiments  may  be  easily 
performed  with  chlorine  by  putting  a  few 
crystals  of  potassium  permanganate  at  the 
bottom  of  a  jar  and  pouring  a  small  quantity 
of  strong  hydrochloric  acid  on  them  :  the  gas 
is  in  this  case  damp.] 

Note  that  it  is  coloured  yellow,  that  it  is 
heavy,  that  it  combines  with  metals,  e.g. 
powdered  antimony  or  Dutch  metal  gold  leaf, 
forming  chlorides  which  have  the  same 
properties  as  those  formed  by  the  action  of 
hydrochloric  acid  on  the  metals, 
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Lower  a  lighted  jet  of  hydrogen  into  a 
cylinder  of  the  gas,  the  hydrogen  continues  to 
burn,  forming  hydrochloric  acid  gas. 

Pour  some  litmus  solution  into  a  jar  of 
chlorine,  it  is  bleached.  Take  a  strip  of  damp 
Turkey  red  twill,  warm  the  middle  of  it  till  dry, 
and  put  the  whole  strip  into  a  jar  of  chlorine, 
the  damp  part  is  bleached  but  not  the  dry  part. 
This  is  explained  by  the  fact  that  the  bleaching 
is  due  to  oxidation  of  the  colour  by  oxygen, 
which  can  only  be  formed  from  water  decom- 
posed by  the  chlorine  under  the  influence  of  the 
strong  attraction  of  the  latter  for  hydrogen. 
This  attraction  is  so  keen  that  chlorine  can 
remove  hydrogen  from  organic  bodies.  Pour 
a  few  drops  of  warm  turpentine  on  blotting 
paper  and  put  it  into  a  jar  of  chlorine ;  the 
turpentine  begins  to  burn  and  sets  free  carbon 
(soot)  with  the  formation  of  hydrochloric  acid 
gas  ;  hence  chlorine  is  a  powerful  poison  and  is 
used  for  disinfecting  purposes. 

We  have  been  able  to  get  chlorine  from 
common  salt,  but  what   else  does  the  salt 
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contain  ?  If  we  pass  a  powerful  electric 
current  through  melted  salt  we  find  that  we 
can  get  a  metal,  viz.  sodium,  and  we  get  the 
same  metal  from  salt  in  other  ways,  but  we 
must  be  contented  at  present  with  the  proof  by 
synthesis,  viz.  that  when  we  pass  chlorine 
over  a  small  piece  of  sodium  in  a  hard  glas 
tube  they  combine  to  form  common  salt. 
Hence  common  salt  is  a  compound  of  sodium 
and  chlorine,  is  chloride  of  sodium,  and 
resembles  the  chlorides  of  other  metals. 

The  formulae  for  hydrochloric  acid  and 
common  salt  are  HC1,  and  NaCl,  the  symbol 
for  the  metal  sodium  being  Na  and  that  for 
chlorine  CI. 

We  found  that  hydrogen  and  chlorine 
exploded  when  we  mixed  them  together  and  lit 
the  mixture.  Now  if  12  cc.  of  hydrogen  are 
mixed  with  10  cc.  of  chlorine  and  exploded,  2  cc. 
of  hydrogen  are  found  to  be  left,  so  that  10  cc. 
of  hydrogen  must  have  combined  with  10  cc.  of 
chlorine,  or  the  gases  combine  in  equal  volumes. 

[This  is  also  confirmed  by  passing  an  electric 
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current  through  a  concentrated  solution  of  hydro- 
chloric acid  by  means  of  carbon  poles  :  after  a 
time  hydrogen  and  chlorine  come  off  in  equal 
volumes,  the  hydrogen  from  one  pole  and  the 
chlorine  from  the  other.] 

We  have  now  to  ask  how  much  hydrochloric 
acid  gas  they  form  ?  To  find  this  out  we  pass 
some  dry  hydrochloric  acid  gas  into  a  U-tube 
with  one  end  open  and  filled  with  mercury 
(Fig.  13).  Level  the  mercury  in  both  limbs  of 
the  U-tube  and  mark  the  volume.  A  piece  of 
sodium  amalgam  (sodium  dissolved  in  mercury) 
is  placed  in  the  open  end,  which  has  been  filled 
again  with  mercury,  the  thumb  is  put  on  it, 
and  the  gas  transferred  from  the  closed  end  to 
that  end.  When  the  action  is  complete,  re- 
transfer  the  hydrogen  left  and  measure  its 
volume  after  levelling  again.  It  is  found  that 
the  gas  which  is  left  fills  exactly  half  the 
volume  of  the  hydrochloric  acid  taken,  and 
as  from  the  first  experiment  the  hydrogen  and 
chlorine  volumes  are  equal,  therefore  2  cc.  of 
hydrochloric  acid  gas  give  1  cc.  of  hydrogen 
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and  1  cc.  of  chlorine.  In  the  case  of  steam, 
again,  2  cc,  of  hydrogen  combine  with  1  cc.  of 
oxygen  to  form  2  cc.  of  steam.  This  simple 
kind  of  relation  holds  between  the  volumes  of 
gases  which  combine,  and  is  often  stated  as 
Gay  Lussac's  Law  of  Volumes  :  "  Gases  which 
combine  do  so  in  equal  volumes  or  volumes  which 
bear  a  simple  integral  relation" 
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CHAPTEE  VI. 


SODIUM  NITRATE — NITRIC  ACID. 


Common  salt  may  be  said  to  be  specially  con- 
nected with  animal  life  :  there  is  another  body 
specially  connected  with  plant  life  which 
resembles  common  salt,  and  is  known  as  sodium 
nitra/e,  or  Chili  saltpetre.  It  is  obtained  from 
Chili  and  Pern,  where  it  is  simply  dissolved  out 
of  the  soil  and  crystallized  by  evaporating  the 
solution.  Begin  as  in  the  case  of  common  salt  by 
pouring  sulphuric  acid  on  some  nitrate  of  soda 
in  a  jar.  No  effect  is  seen,  but  now  dip  a  strip 
of  copper  into  the  mixture,  having  previously 
proved  that  copper  has  no  action  on  either 
stuff  separately.  A  violent  effervescence  is  seen, 
and  a  large  quantity  of  brown  fumes  make 
their  appearance. 
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Evidently  the  sulphuric  acid  has  produced  a 
change  in  the  nitrate,  though  it  did  not  look 
like  it.  What  is  the  change  ?  In  order  to 
answer  this  question  we  may  try  the  effect  of 
heating  the  mixture. 

Take  about  15  gm.  (J  oz.)  of  nitrate  of  soda 
(or  saltpetre,  nitrate  of  potash),  put  it  into  a 
small  stoppered  glass  retort,  and  pour  on  to  it 
about  25  cc.  (1  oz.)  of  strong  sulphuric  acid  (Fig. 
14)  :  gently  warm  the  mixture.  When  the 
mixture  becomes  warm,  but  not  nearly  so  hot  as 
boiling  water,  the  retort  appears  full  of  orange 
fumes,  and  in  a  short  time  drops  of  a  yellow 
liquid,  which  fumes  strongly  in  the  air,  are  seen 
to  be  condensing  in  the  neck  of  the  retort. 
Collect  these  in  a  test  tube  or  jar. 

Mix  a  few  drops  of  the  liquid  with  water 
and  add  a  little  litmus  solution,  it  is  turned 
red. 

Pour  a  few  drops  of  the  liquid  on  a  piece  of 
wood  or  black  cloth,  it  turns  the  part  it  touches 
a  light  yellow  colour,  and  in  a  short  time  makes 
it  powdery  or  rotten. 
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In  fact,  it  seems  to  be  an  acid  substance,  and 
is  called  nitric  acid. 

In  order  to  find  out  more  about  this  acid  we 
try  its  action  upon  metals,  as  in  the  case  of 
hydrochloric  acid. 

Pour  some  nitric  acid  upon  some  copper,  or 
lead.  There  is  a  vigorous  action,  brown  fumes 
are  given  off  and  the  metal  dissolves. 

Evaporate  the  solutions  to  dryness  and 
collect  the  blue  and  colourless  crystals  respec- 
tively. Heat  these  crystals,  more  brown  fumes 
are  given  off.  In  the  case  of  copper  we  get  a 
black  powdery  solid  left,  in  the  case  of  lead  a 
yellow  solid,  which  melts  on  heating,  and  these 
are  exactly  the  same  as  the  solids  formed  by 
heating  copper,  or  lead  in  air,  viz.  the  oxides  of 
copper  and  lead.  Hence  the  solids  formed  by 
the  action  of  nitric  acid  on  the  metal  when 
heated  leave  oxides,  and  the  nitric  acid  must 
have  contained  oxygen. 

This  is  still  more  easily  proved  by  heat- 
ing some  nitrate  of  soda  in  a  tube,  when 
it  fizzes  and  gives  off  a  gas  which  makes 
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a  glowing  splinter  burst  into  flame,  viz. 
oxygen. 

Now  the  brown  fumes  cannot  be  hydrogen, 
like  the  gas  given  off  in  the  action  of  hydro- 
chloric acid  upon  metals.  What  are  they  ? 
Take  some  copper  turnings  and  place  them  in  a 
bottle  fitted  with  a  thistle  funnel  and  delivery 
tube,  and  pour  some  strong  nitric  acid  on  them 
(Fig.  8b).  Collect  the  fumes  which  come  off  in 
dry  jars  and  cover  them  with  glass  plates. 

Notice  the  brown  colour  and  strong  cha- 
racteristic smell  called  the  smell  of  nitrous 
fumes.  Notice  how  heavy  the  fumes  are  and 
also  their  curious  surface  where  they  mix  with 
the  air.  The  surface  is  not  sharp  like  that 
of  a  liquid,  but  the  colour  becomes  lighter 
where  the  fumes  seem  to  pass  into  the  air  and 
disappear,  making  the  whole  surface  appear 
more  than  half  an  inch  thick.  If  you  uncover 
the  jar  in  a  room,  you  soon  smell  the  fumes 
some  way  from  the  jar. 

Pour  some  water  into  one  of  the  jars  and 
shake  it  up.    The  fumes  disappear  in  the 
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water,  which  remains  colourless,  and  the  solu- 
tion turns  litmus  red.  It  is  an  acid  solution, 
and  you  can  get  back  some  of  the  fumes  from  it 
by  the  action  of  copper.  It  is,  in  fact,  nitric 
acid  again. 

Take  a  piece  of  phosphorus  in  a  deflagrating 
spoon,  light  it,  and  when  it  is  burning  brilliantly 
plunge  it  into  a  jar  of  the  gas.  The  phos- 
phorus burns  and  forms  its  white  oxide.  As 
soon  as  the  colour  disappears  pour  in  some 
water,  shake  up,  and  test  the  gas  which  is  left. 
It  puts  out  a  taper  and  does  not  turn  lime 
water  milky,  it  is  nitrogen.  Now  as  the 
phosphorus  burns  in  the  brown  gas  to  form 
an  oxide,  leaving  nitrogen,  we  believe  that 
the  fumes  are  a  compound  of  nitrogen  and 
oxygen,  an  oxide  of  nitrogen.  It  is  called 
nitrogen  peroxide,  or  nitrogen  tetroxide. 

[To  prove  this  more  satisfactorily,  fill  a  hard 
glass  tube  about  8  ins.  long  and  f  in.  bore 
with  the  gas,  and  drop  in  a  piece  of  potassium 
about  the  size  of  a  large  pea.  Cork  the  tube 
and  heat  the  potassium.    The  brown  fumes 
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disappear  as  an  oxide  of  potassium  is  formed. 
Dip  the  corked  end  of  the  tube  under  mercury 
and  take  out  the  cork  under  the  surface.  Note 
that  the  gas  left  fills  about  half  the  tube. 
Cork  the  tube  again,  turn  it  up,  and  test  the 
gas  ;  it  is  nitrogen.] 

We  can  confirm  this  by  passing  electric 
sparks  from  an  induction  coil,  or  electric 
machine,  between  platinum  wires  fixed  into  a 
glass  tube  which  is  filled  with  a  mixture  of 
nitrogen  and  oxygen  gases.  In  a  short  time 
the  tube  is  seen  to  be  filled  with  brown  fumes, 
which  have  the  smell  of  nitrous  fumes,  and 
dissolve  in  water  to  make  a  solution  containing 
nitric  acid.  Again,  when  a  thunderstorm  is 
passing  the  electric  sparks  of  lightning  through 
the  air,  we  notice  the  characteristic  smell  of 
nitrous  fumes  and  the  rain  contains  nitric 
acid. 

Hence  we  are  sure  that  our  nitrous  fumes 
are  simply  a  compound  of  nitrogen  and 
oxygen. 

Now  mix  the  nitric  acid  with  an  equal  volume  mtric  oxide, 
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of  water  before  pouring  it  on  the  copper,  or  cover 
the  copper  filings  with  water  before  pouring  on 
the  nitric  acid,  the  action  does  not  seem  to  be 
quite  the  same  as  before.  The  bottle  first  fills 
with  brown  fumes,  but  these  lose  the  greater 
part  of  their  colour  as  the  action  goes  on.  Put 
the  end  of  the  delivery  tube  under  water,  bubbles 
of  an  insoluble  gas  rise  through  the  water  and 
burst  in  the  air  with  the  formation  of  brown 
fumes.  Collect  some  cylinders  of  the  gas  over 
the  water.  Notice  that  the  gas  is  colourless 
and  insoluble  in  water,  and  that  it  forms  nitrous 
fumes  whenever  it  reaches  the  air,  hence  we 
cannot  tell  whether  it  has  a  smell  of  its 
own. 

Lower  a  lighted  taper  into  the  gas,  it  goes 
out.  Put  a  piece  of  phosphorus  on  a  deflagrat- 
ing spoon,  light  and  plunge  it  into  the  gas  :  it 
goes  out  unless  it  is  burning  very  brightly. 
Shake  up  the  gas  which  is  left,  with  water  and 
test  it  again  ;  it  is  nitrogen.  The  phosphorus 
can  burn  in  the  gas  and  forms  an  oxide,  leaving 
nitrogen  behind,  hence  we  suppose  that  this 
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gas  is  also  a  compound  of  nitrogen  and  oxygen, 
or  an  oxide  of  nitrogen. 

[Just  as  in  the  case  of  the  nitrous  fumes,  we 
can  prove  that  the  gas  contains  oxygen  and 
nitrogen  more  satisfactorily  by  heating  a  piece 
of  potassium  in  a  tube  filled  with  the  gas  and 
corked,  when  oxide  of  potassium  is  formed  and 
nitrogen  left.] 

But  if  this  gas  is  also  an  oxide  of  nitrogen, 
how  does  it  differ  from  the  oxide  we  already 
know,  nitrogen  peroxide  or  tetroxide  ? 

Take  ajar  of  oxygen  and  a  jar  of  the  gas, 
each  covered  with  a  glass  plate,  place  them 
mouth  to  mouth,  and  draw  out  the  plates. 
The  gases  combine  to  form  the  brown  fumes, 
hence  we  believe  the  new  oxide  of  nitrogen 
contains  less  oxygen  than  the  other — it  only 
contains  half  as  much.  It  is  called  nitric 
oxide. 

Now  examine  the  action  of  this  gas  on  burn- 
ing bodies  a  little  more  carefully.  Place  a 
deflagrating  spoon  with  brightly  burning 
sulphur  into  a  jar  of  the  gas  :  it  is  put  out. 
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This  very  remarkable  property  that  phosphorus 
will  burn  while  sulphur  will  not,  is  explained 
by  the  fact  that  the  flame  of  burning  sulphur  is 
not  hot  enough  to  decompose  the  gas  while  that 
of  phosphorus  is. 

Mix  a  cylinder  of  the  gas  with  a  few  drops 
of  the  liquid  compound  of  carbon  and  sulphur, 
carbon  bisulphide,  and  light  the  mixture.  A 
brilliant  blue  flame  shoots  down  the  gas.  This 
remarkable  phenomenon  is  again  explained  by 
the  fact  that  while  the  flame  of  burning  sulphur 
is  not  hot  enough  to  decompose  the  gas,  yet  that 
of  its  compound  is,  on  account  of  the  tempera- 
ture of  burning  of  its  other  part,  viz.  carbon. 

Hence  from  nitrate  of  soda  we  have  been 
able  to  make  two  compounds  of  nitrogen  and 
oxygen,  nitric  oxide,  NO,  and  nitrogen  peroxide, 
N02.  The  latter  is  acted  upon  by  water  in 
presence  of  air  to  form  nitric  acid,  HN03, 
the  same  acid  which  is  formed  by  the  action  of 
sulphuric  acid  on  sodium  nitrate. 

There  are  other  important  compounds  of 
nitrogen  and  oxygen,  one  of  which  is  most 
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easily  obtained  from  nitrate  of  soda  heated 
alone.  Take  some  nitrate  of  soda,  put  it  in  a 
basin,  and  heat  it  over  a  flame.  It  begins  to 
boil  and  bubbles  of  oxygen  are  given  off,  as  we 
have  seen.  When  it  has  stopped  bubbling, 
allow  the  solid  to  cool.  It  is  now  rather  yellow 
and  does  not  crystallize.  Pour  on  it  a  little 
sulphuric  acid.  A  large  quantity  of  nitrous 
fumes  are  given  off  at  once,  showing  that  the 
stuff  is  no  longer  sodium  nitrate.  Weigh  the 
sodium  nitrate  before  and  after  heating,  it 
loses  18*8  per  cent,  of  oxygen.  We  find 
that  this  corresponds  with  the  formation 
of  a  body  having  the  formula  NaN02,  and 
called  sodium  nitrite,  from  sodium  nitrate 
represented  by  the  formula  NaN03. 


CHAPTEE  VII. 


THE  STKUCTUBE  OF  BODIES. 


We  have  noticed  the  curious  surface  of  nitrogen 
peroxide,  and  observed  that  the  gas  can  be  very 
soon  smelt  at  some  distance  away  from  the  jar 
in  which  it  is  made.  We  have  also  noticed  that 
when  jars  of  oxygen  and  nitric  oxide  are 
connected,  the  brown  fumes  are  formed  right 
through  both  jars.  Again,  hydrochloric  acid  is 
soluble  in  water,  and  the  solution  acts  upon 
bodies  in  a  similar  way  to  the  gas.  How  can 
we  explain  these  facts?  We  believe  that  all 
bodies  are  made  up  of  little  particles  called 
molecules  in  a  state  of  motion :  in  solids  the 
motion  is  slow  and  through  a  very  short  dis- 
tance ;  in  liquids  the  motion  is  faster  and 
through  a  larger  space.    Some  molecules  can 
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even  succeed  in  getting  away  from  a  surface, 
as  shown  by  gradual  evaporation  of  a  liquid,  e.g. 
water ;  in  gases  the  motion  is  very  rapid  indeed, 
and  the  molecules  move  until  they  are  stopped 
by  the  sides  of  the  containing  vessel,  or  by 
striking  against  other  molecules. 

When  two  gases  mix,  the  molecules  of  each 
of  them  try  to  get  as  far  apart  as  possible,  until 
the  whole  volume  of  both  gases  is  uniform  in 
composition :  the  molecules  are  said  to  diffuse 
in  virtue  of  their  motion. 

Take  a  small  porous  unglazed  pot,  such  as  is 
used  for  an  electric  battery,  fit  it  with  a  cork 
through  which  passes  a  piece  of  glass  tube.  Dry 
it  in  an  oven,  cork  it  and  stand  it  over  water  so 
that  the  end  of  the  glass  tube  is  under  the  water 
(Fig.  15).  Fill  a  jar  held  mouth  downwards 
with  hydrogen  and  put  it  over  the  porous  pot. 
There  seems  to  be  an  immediate  increase  in  the 
amount  of  gas  in  the  pot  and  bubbles  begin  to 
pass  through  the  water.  The  molecules  of 
hydrogen  move  much  faster  than  those  of 
oxygen  and  nitrogen,  and  can  pass  through, 
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that  is,  diffuse  through  the  pores  of  the  pot 
much  more  quickly  than  the  latter  can  get 
out,  consequently  the  pot  gets  fuller  and  finally 
its  contents  bubble  out. 

It  is  noticed  that  the  light  molecules  of 
hydrogen  are  able  to  diffuse  faster  than  the 
heavy  molecules  of  oxygen  and  nitrogen :  this 
always  holds.  This  process  of  diffusion  is  of 
the  utmost  importance  to  both  plants  and 
animals,  as  it  is  on  account  of  their  molecular 
motion  that  oxygen  and  carbon  dioxide  enter 
and  leave  the  tissues. 

There  is  also  another  very  important  property 
of  gases  which  makes  their  study  extremely 
valuable,  namely,  that  all  gases  behave  in  the 
same  way  under  similar  conditions ;  e.g.  if  a  gas 
is  forced  into  a  small  space  it  exerts  a  great  pres- 
sure, and  vice  versa,  and  the  pressure  it  exerts 
is  proportional  to  the  space  it  is  in.  This  is 
generally  stated  as  a  law,  Boyle's  Law  : — The 
volume  of  any  gas  is  inversely  proportional  to 
the  pressure  it  sustains. 

Another  way  in  which  all  gases  behave  alike 
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is  in  respect  of  temperature,  since  the  hotter  any 
gas  is  the  more  space  it  occupies.  This  is  stated 
as  Charles*  Law  ;  The  volume  of  any  gas  is 
directly  proportional  to  its  temperature  reckoned 
from  -273°  Centigrade  or  -460°  Fahrenheit ; 
or  in  another  way  :  Every  gas  increases  by  yts 
of  its  volume  at  0°C.  for  an  increase  of  tem- 
perature of  1°  Centigrade. 

These  peculiarities,  together  with  others, 
make  us  believe  that  there  must  be  something 
in  which  all  gases  are  alike,  and  we  have 
come  to  believe  that  the  property  which  they 
possess  in  common  is  that :  Equal  volumes  of 
gases  under  the  same  conditions  of  temperature 
and  pressure  contain  equal  numbers  of  mole- 
cules. This  statement  is  called  Avogadro's  Law. 
Now  if  we  could  only  find  the  exact  number  of 
molecules  in  any  given  volume  of  one  gas,  we 
could  calculate  and  compare  the  weights  of 
molecules  of  different  gases,  but  the  number  of 
molecules  is  so  large  in  even  the  smallest  attain- 
able volume  of  a  gas,  that  it  cannot  be  determined 
very  exactly,  and  would  be  of  little  practical  use. 

vol.  1.  F 


66  Chemistry 

We  get  over  this  difficulty  by  taking  the 
molecule  of  hydrogen  as  our  unit,  calling  its 
weight  2.  Then  by  Avogadro's  Law  the 
weight  of  the  molecule  of  any  other  gas  on 
this  scale,  generally  called  its  molecular  weight, 
is  equal  to  twice  the  number  of  times  any  given 
volume  of  that  gas  is  heavier  than  an  equal 
volume  of  hydrogen,  i.e.  it  is  equal  to  twice  its 
vapour  density  (H  =  l). 

Take  an  8  oz.  flask  holding  about  350  cc.  and 
fit  it  with  a  cork  and  two  tubes,  one  reaching 
nearly  to  the  bottom  of  the  flask,  the  other 
only  just  through  the  cork.  Put  a  short 
piece  of  indiarubber  tube  on  the  end  of  each, 
and  a  short  piece  of  glass  rod  in  the  open  end 
of  the  rubber  tube,  making  a  kind  of  cap. 
Suck  some  dry  air  through,  put  on  the  caps, 
and  weigh  the  flask  and  tubes,  e.g.  =  63*845  gm. 

Now  pass  dry  hydrogen  through  the  long  tube, 
keeping  the  flask  upside  down  till  all  the  air  is 
driven  out.  (Allow  about  ten  minutes.)  Put 
on  the  caps,  turn  the  flask  down  again,  and 
weigh.   Again  fill  the  flask  with  pure  dry  carbon 
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dioxide,  keeping  it  the  right  way  up,  cap  the 
tube,  and  weigh.  Now  fill  the  flask  with  water, 
and  pour  it  out  into  a  glass  measure.  The 
volume  of  water  will  be  that  of  the  flask,  say, 
303  cc.  Now  1  cc.  of  air  at  0°C.  and  760  mm. 
weighs  -001296  gm.,  so  that  303  cc.  at  0°C.  and 
760  mm.  weigh  303  X  -001296  gm.  =  '393  gm. 

Subtract  this  from  the  weight  of  the  flask  and 
air,  and  we  get  the  weight  of  the  flask  alone 
=  63-452  gm. 

Subtracting  the  weight  of  the  flask  from  the 
weight  of  flask  filled  with  hydrogen  and  with 
carbon  dioxide  respectively,  we  get  the  weights 
of  303  cc.  of  hydrogen  and  carbon  dioxide 
respectively. 

These  work  out,  Hydrogen  =  *0273  gm. 

Carbon  dioxide  =  *600  gm. 

Therefore  carbon  dioxide  is  twenty-two 
times  heavier  than  hydrogen,  and  its  molecular 
weight  is  2  X  22  =  44. 

This  is  an  example  of  one  of  the  methods  of 
determining  molecular  weights  by  experiment, 
but  for  accurate  work  corrections  must  be  made 
F  2 
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for  temperature  and  pressure.  Using  this 
method  we  obtain  these  results — 

Molecule  of  Hydrogen  =  2 
„  „  Oxygen  =  32 
„       „  Nitrogen  =  28 

As  we  can  determine  molecular  weights  and 
also  the  composition  of  molecules  by  analysis, 
it  is  easy  to  calculate  accurate  molecular  com- 
positions. As  an  example,  8  gm.  of  oxygen 
combine  with  1  gm.  of  hydrogen  to  form  9  gm. 
of  water.  But  the  molecular  weight  of  steam 
is  18,  therefore  the  molecular  composition  of 
steam  must  be  16  of  oxygen  combined  with  2 
of  hydrogen. 

Now  the  molecular  weight  of  hydrogen 
is  taken  as  2,  therefore  one  molecule 
of  steam  contains  one  molecule  of  hydro- 
gen. 

Again,  3  gm.  of  carbon  combine  with  8  gm. 
of  oxygen  to  form  11  gm.  of  carbon  dioxide,  and 
the  molecular  weight  of  carbon  dioxide  is  44, 
therefore  the  molecular  composition  of  carbon 
dioxide  is — 
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Carbon  =  3  X  4  =  12 
Oxygen  =  8  X  4  =  32 

44 

44 

since    —  =  4,  and  one  molecule  of  carbon 

dioxide  contains  one  molecule  of  oxygen. 

We  are  now  ready  to  take  the  step  in  advance 
of  making  our  formulae  represent  the  composi- 
tions of  molecules,  on  the  basis  of  the  molecule 
of  hydrogen  being  2. 

[We  can  also  determine  the  molecular  weight 
of  a  gas  from  its  rate  of  diffusion,  since  the  two 
are  connected  by  this  law: — The  rates  of 
diffusion  of  gases  are  inversely  proportional  to 
the  square  roots  of  their  molecular  weights.] 

The  method  of  determining  vapour  densities 
just  described  may  be  used  to  determine  the 
vapour  density  of  a  liquid  (or  solid),  Dumas9 
method.  The  liquid  (or  solid)  is  placed  in  a 
weighed  bulb  whose  neck  is  drawn  out  into  a 
narrow  tube  (Fig.  16).  The  bulb  is  then  im- 
mersed in  a  bath  at  a  known  temperature, 
higher  than  the  boiling  point  of  the  substance, 
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and  the  tube  is  sealed,  when  the  whole  of  the 
liquid  (or  solid)  is  converted  into  vapour.  The 
bulb  is  now  allowed  to  cool,  cleaned  and 
weighed.  The  volume  of  the  bulb  is  now 
found  by  weighing  it  full  of  water  and  sub- 
tracting its  weight  when  full  of  air  from  its 
weight  when  full  of  water,  remembering  that 
1  gm.  of  water  occupies  1  cc.  The  volume  is 
corrected  for  temperature  and  pressure.  The 
weight  of  the  vapour  is  found  by  subtracting 
the  weight  of  the  bulb,  less  the  weight  of  the  air 
which  it  contains  (as  on  p.  67),  from  the  weight 
of  the  bulb  full  of  vapour  plus  that  of  the 
piece  of  glass  drawn  off  in  closing,  and  it  only 
remains  to  divide  it  by  the  weight  of  hydrogen 
which  the  bulb  would  hold,  using  the  factor, 
1  cc.  of  hydrogen  at  0°  and  760  mm.  weighs 
•00009  gm. 


CHAPTEE  VIII. 


SULPHATE  OF  AMMONIA — AMMONIA — ALKALI. 

When  we  charred  the  grass  in  our  first  experi- 
ment, we  noticed  that  strong-smelling  fumes 
were  given  off. 

Instead  of  burning  it  in  the  open  air,  take 
some  hay,  or  corn,  or  better  still,  gelatine,  and 
burn  it  in  a  tube  with  some  oxide  of  copper  or 
of  lead.  Collect  the  fumes  which  come  off  over 
lime  water.  Some  of  the  gas  given  off  does  not 
dissolve  in  the  lime  water ;  test  it  with  a  burn- 
ing taper,  the  taper  is  put  out,  the  gas  is 
nitrogen.  (Carbon  dioxide  has  been  stopped  by 
the  lime  water.) 

This  nitrogen  has  probably  come  from  the 
hay,  &c,  and  if  so,  must  have  been  in  chemical 
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combination,  but  sulphuric  acid,  though  it  chars 
the  hay,  does  not  give  off  nitrous  fumes,  so  that 
it  cannot  be  combined  in  the  form  of  nitric 
acid.    How  are  we  to  find  out  about  it  ? 

Take  some  quicklime,  mix  it  with  a  little 
flour,  or  gelatine,  and  heat  the  mixture  in  a 
test  tube.  Fumes  are  given  off,  which  are 
turned  white  by  hydrochloric  acid,  and  have  a 
smell  of  hartshorn. 

Now  in  the  manufacture  of  coal  gas  we  have 
the  heating  of  organic  matter  with  lime  on  a 
large  scale,  the  organic  matter  being  the 
charred  wood,  &c,  which  makes  up  the  coal, 
and  the  lime  being  contained  in  the  coal 
ash. 

The  coal  gas  which  is  given  off  is  cooled  and 
passed  through  water,  and  it  is  then  passed 
through  slaked  lime  into  the  gas  holders. 

The  gas  liquor  (the  water  by  which  the  gas  is 
washed),  when  mixed  with  quicklime,  smells  of 
hartshorn,  and  we  can  get  any  quantity  of  gas 
liquor  we  may  require,  but  it  is  more  con- 
venient to  use  the  substance  made  by  mixing  the 
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gas  liquor  with  sulphuric  acid,  called  sulphate 
of  ammonia. 

Take  some  sulphate  of  ammonia  and  mix  it 
with  slaked  lime  in  a  flask.  It  begins  to  smell 
of  hartshorn  at  once,  and  if  the  mixture  is 
warmed  large  quantities  of  a  gas  smelling  of 
hartshorn  are  immediately  given  off. 

The  gas  may  be  collected  in  jars  turned 
mouth  downwards  over  the  neck  of  the  flask, 
or  by  fitting  the  flask  with  a  cork  and  delivery 
tube  bent  twice  like  a  bayonet,  and  with  its 
open  end  up. 

Put  greased  plates  over  the  mouths  of  the 
jars  as  they  fill  and  examine  the  properties  of 
the  gas.  It  is  colourless,  but  has  a  very  strong 
and  characteristic  smell,  that  of  hartshorn.  It 
is  called  ammonia  gas.  Test  it  with  a  lighted 
taper,  the  flame  is  put  out,  but  just  before  it 
goes  out  you  see  a  yellowish-green  flame  round 
it.  Mix  some  of  the  gas  with  oxygen  and  light 
it,  it  burns  with  a  yellowish  flame.  Now  take  a 
cylinder,  place  it  mouth  downwards  in  a  basin  of 
water,  and  slide  off  the  plate.    The  water  at 
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once  nearly  fills  the  jar,  showing  that  the  gas 
is  very  soluble  in  water,  and  the  solution  has 
the  characteristic  smell  of  the  gas.  The 
solution  may  be  made  very  strong,  if  the  gas 
is  passed  into  water  till  it  cannot  absorb  any 
more,  i.e.  until  it  is  saturated. 
What  is  this  gas  ? 

Take  a  strong  solution  of  ammonia  in  a 
small  flask  and  bubble  oxygen  through  it. 
Apply  a  lighted  taper  to  the  neck  of  the  flask. 
The  gas  burns,  and  if  a  cold  basin  is  held  over 
the  flame,  water  is  seen  to  condense.  Eepeat 
the  experiment,  after  drying  the  mixed  gases  by 
passing  them  through  a  tube  filled  with  lumps 
of  quicklime,  water  is  still  formed.  The  gas 
must  contain  hydrogen,  and  perhaps  oxygen. 

Take  a  long  test  tube  about  one  foot  long,  fill 
it  with  chlorine  over  water,  and  cork  it.  Put 
some  ammonia  solution  (half  strong  ammonia 
solution,  half  water)  into  a  glass  trough  or 
basin,  and  transfer  the  tube  full  of  chlorine  to 
the  ammonia  solution,  keeping  the  closed  end 
under  the  surface.    Kemove  the  cork.  White 
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fumes  are  formed,  and  the  water  runs  up  until 
it  fills  two-thirds  of  the  tube,  leaving  one- 
third  full  of  a  colourless  gas  which  puts  out  a 
taper  and  does  not  turn  lime  water  milky.  It 
is  nitrogen.  The  chlorine  only  removes  hydro- 
gen from  the  gas,  so  there  is  no  other  sub- 
stance in  it :  and  our  gas  contains  nitrogen 
and  hydrogen  in  chemical  combination. 

A  careful  consideration  of  the  results  of  the 
preceding  experiment  shows  that  since  30  cc. 
of  chlorine  gas  gives  10  cc.  of  nitrogen  on 
combining  with  ammonia  gas,  and  each  cc.  of 
chlorine  must  have  combined  with  1  cc.  of 
hydrogen  to  form  hydrochloric  acid,  therefore 
the  10  cc.  of  nitrogen  must  have  been 
combined  with  30  cc.  of  hydrogen  to  form 
ammonia;  and  so  by  Avogadro's  Law  each 
molecular  weight  of  nitrogen  must  have  been 
combined  with  3  molecular  weights  of 
hydrogen  to  form  ammonia  gas ;  that  is,  28  gm. 
of  nitrogen  must  be  combined  with  6  gm.  of 
hydrogen  to  form  34  gm.  of  ammonia.  But  if 
we  fill  the  flask  used  in  the  last  chapter  with 
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dry  ammonia  gas,  and  weigh  it,  we  find  that 
its  molecular  weight  is  only  17,  taking- 
hydrogen  as  2,  which  is  obviously  only  one- 
half  of  34.  Hence  it  seems  as  if  half  a 
molecule  of  nitrogen  combines  with  one  and  a 
half  molecules  of  hydrogen  to  form  one  molecule 
of  ammonia. 

Similar  facts  are  also  noticed  in  the  cases 
of  hydrochloric  acid  and  steam. 

The  explanation  which  we  accept  for  this 
curious  fact  is,  that  when  the  molecules  of  an 
element  enter  into  chemical  combination  they 
often  split  up  into  smaller  parts,  called  atoms. 

These  atoms  exist  alone  in  some  cases,  but  in 
the  case  of  the  commoner  elements  they  are 
generally  combined  to  form  molecules. 

The  number  of  atoms  in  the  molecule 
of  an  element  is  usually  quite  small :  the 
molecules  of  the  elements  hydrogen,  oxygen, 
nitrogen  and  chlorine  contain  two  atoms,  and 
are  said  to  be  diatomic. 

Since  these  molecules  contain  two  atoms, 
and  their   molecular  weights  are  calculated, 
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for  the  molecular  weight  of  hydrogen  =  2,  we 
can  find  a  value  for  their  atomic  weights  by 
dividing  their  molecular  weights  by  2.  By 
this  means  we  find  the  atomic  weights  of 
hydrogen,  oxygen,  nitrogen  and  chlorine  to  be 
1,  16,  14  and  35*5  respectively. 

By  the  above  considerations  we  have  formed 
the  idea  that  there  may  be  parts  of  elements 
entering  into  the  composition  of  molecules  of 
compounds,  smaller  than  the  molecules  of  the 
elements  themselves,  that  is,  atoms,  and  we 
may  define  the  atom  in  consequence  as  the 
smallest  particle  of  any  element  which  can 
enter  into  the  formation  of  a  molecule. 

This  gives  us  the  method  of  finding  a 
number  representing  the  atomic  weight  in  the 
case  of  those  elements  whose  molecular 
weights  we  cannot  easily  find  out ;  since  we 
have  only  to  make  a  table  of  the  compositions 
of  molecules  which  contain  those  elements,  and 
pick  out  the  smallest  quantity  of  the  element 
which  enters  into  the  formation  of  any  one  of 
these  molecules,  for  the  atomic  weight  of  the 
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element ;  e.g.  in  the  case  of  carbon  dioxide  we 
have  found  that  its  molecular  weight  is  44, 
made  up  of — 

Carbon  ....  12 
Oxygen    ....  32 

44 

Now  we  know  no  compound  of  carbon  which 
contains  less  than  12  gm.  of  carbon  in  its 
molecular  weight,  so  that  we  take  12  to 
represent  the  smallest  portion  of  carbon  which 
can  enter  into  the  formation  of  a  gaseous 
molecule  of  a  carbon  compound ;  that  is  its 
atomic  weight. 

The  formulae  of  compounds  we  have  given 
before  may  now  be  considered  to  represent  their 
molecular  weights,  and  the  numbers  we  have 
used  for  each  symbol  to  represent  the  atomic 
weights.  The  small  numbers  affixed  to  the 
elements  represent  the  numbers  of  atoms  of 
these  elements  in  the  molecule.  The 
molecular  formula  of  ammonia  thus  becomes 
NH3. 
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Let  us  now  examine  the  properties  of  the 
solution  of  ammonia  in  water.  Add  some 
litmus  to  the  solution;  the  litmus  turns  blue, 
also  red  cabbage  solution  turns  green.  Shake 
up  some  ammonia  solution  with  a  little  oil  in 
a  bottle,  it  makes  a  thick  white  soapy  liquid, 
hartshorn  and  oil. 

Take  some  of  the  blue  litmus  solution  of 
ammonia  and  add  to  it  carefully  some  of  a  red 
litmus  solution  of  hydrochloric  acid.  The  colour 
of  the  red  disappears  at  first,  but  at  a  certain 
point  it  is  turned  purple,  neither  blue  nor  red. 
A  further  drop  of  acid  turns  it  red,  and  of 
ammonia  turns  it  blue. 

The  solution  no  longer  smells  of  ammonia 
nor  tastes  sour  like  hydrochloric  acid,  it  will 
not  act  readily  on  zinc,  and  will  not  turn  oil 
milky,  in  fact  both  ammonia  and  acid  have 
lost  their  characteristic  properties,  and  each  is 
said  to  have  neutralized  the  other,  and  the 
solution  is  said  to  be  neutral. 

Evaporate  some  of  the  neutral  solution  to 
dryness,  and  a  white  solid  is  left,  which  is 
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proved  to  contain  both  ammonia  and 
hydrochloric  acid,  by  heating  with  quicklime 
and  sulphuric  acid  respectively.  The  solution 
of  ammonia  in  water  is  said  to  have  the 
properties  of  an  alkali,  and  the  solid  formed  is 
called  a  salt,  sal-ammoniac,  or  ammonium 
chloride,  NH3,HC1,  or  NH4C1. 

It  is  very  remarkable  that  the  compound  of 
nitrogen  with  hydrogen  should  have  the 
properties  of  an  alkali  in  such  sharp  contrast 
to  the  properties  of  the  oxygen  compound  of 
nitrogen,  nitric  acid,  especially  when  we 
remember  the  difficulty  with  which  nitrogen 
combines  with  other  elements. 

Take  some  nitrate  of  soda  solution  and  pour 
it  on  some  zinc  or  aluminium  strips  to  which 
some  copper  filings  have  been  added.  Add 
some  sodium  carbonate  solution,  and  boil.  In 
a  short  time  the  smell  of  ammonia  is  noticed, 
showing  that  nitrates  are  very  easily  converted 
into  ammonia  by  the  action  of  metals. 

On  the  other  hand,  if  ammonium  chloride  or 
sulphate  solution  is  poured  over  warm  soil 
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containing  plenty  of  chalk,  so  as  just  to  keep 
it  moist,  the  ammonia  soon  disappears  and 
nitrate  of  lime  appears  in  its  place ;  this 
change  is  produced  by  the  oxidizing  action  of 
small  fungi  or  bacteria,  whose  life  history  may 
be  studied  in  the  volume  on  Botany. 

This  method  of  making  nitrates  from 
ammonia  is  the  basis  of  composting,  and  was 
worked  on  a  very  large  scale  before  the 
discovery  of  the  nitrate  beds  of  Chili. 

These  experiments  show  that  it  is  easy  to 
pass  from  one  kind  of  nitrogen  compound  to 
another,  though  it  is  so  difficult  to  pass 
from  the  element  nitrogen  to  any  of  its 
compounds. 
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CHAPTEE  IX. 


POTASH  — SODA. 

Boil  some  wood  ash  with  water  and  filter  the 
liquid.  Evaporate  some  of  the  clear  solution 
to  dryness,  a  nearly  white  solid  is  left,  potash, 
or  if  quite  white  it  is  called  pearlash. 

Pour  a  little  hydrochloric  acid  on  a  portion 
of  the  solid,  it  fizzes,  and  the  gas  given  off  is 
proved  to  be  carbon  dioxide  by  means  of  lime 
water,  hence  potash  is  a  carbonate.  Heat  some 
of  the  solid  strongly,  the  solid  melts,  but  very 
little  carbon  dioxide  is  given  off,  so  that  the 
carbon  dioxide  cannot  be  combined  with  lime 
in  this  case  ;  this  inference  is  also  borne  out 
by  the  substance  being  soluble  in  water. 

Test  the  solution  by  litmus  solution,  it  is 
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turned  blue,  showing  that  this  carbonate  is 
alkaline  in  solution. 

When  the  carbonate  is  mixed  with  charcoal 
and  heated  strongly,  a  vapour  is  given  off 
which  condenses  to  globules  which  look  like 
silver,  that  is,  they  appear  metallic.  This 
metallic  substance  is  called  potassium,  and  can 
be  bought  in  quantity  prepared  by  this  method, 
though  we  cannot  repeat  the  experiment  for 
ourselves. 

Cut  a  few  small  pieces  of  potassium,  not 
larger  than  a  split  pea,  and  drop  them  one  at 
a  time  on  some  water  contained  in  a  small 
basin.  Hydrogen  gas  is  given  off,  as  we  have 
already  seen,  and  the  potassium  disappears  from 
sight  in  the  water.  Evaporate  some  of  the 
solution  to  dryness,  and  a  white  fusible  solid 
is  left  which  is  quite  different  from  the  original 
metal  taken. 

Test  some  of  the  solution  with  litmus,  it  is 
turned  blue,  showing  that  the  solution  is 
alkaline.  Put  your  fingers  into  the  solution, 
it  feels  soapy ;  it  also  tastes  like  washing  soda, 
a  2 
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makes  a  thick  white  soap  with  oil,  and  cor- 
rodes the  skin. 

Take  a  piece  of  potassium,  place  it  in  a 
deflagrating  spoon,  heat  it,  and  lower  it  into 
a  jar  of  dry  oxygen.  The  metal  burns  to 
form  an  oxide  of  potassium.  This  oxide 
dissolves  in  water,  forming  a  solution  having 
similar  properties  to  those  of  the  solution 
obtained  by  the  action  of  potassium  on  water, 
and  leaving  a  similar  white  solid  on  evaporation. 

If  the  white  solid  is  heated  with  more 
potassium,  hydrogen  is  given  off,  and  potassium 
oxide  is  formed,  so  that  the  potassium  does  not 
succeed  in  removing  all  the  hydrogen  from 
water  at  once.  The  substance  actually  formed 
at  first  is  known  as  caustic  potash,  and  it  is  a 
compound  of  potassium  with  hydrogen  and 
oxygen,  identical  with  the  compound  formed 
by  the  union  of  potassium  oxide  and  water.  In 
fact,  it  is  like  slaked  lime,  a  hydroxide  or 
hydrate  of  a  metal,  in  this  case  potassium,  its 
formula  is  KOH.  Such  a  hydroxide  is  called  a 
base,  and  caustic  potash  is  a  base. 
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Take  a  solution  of  potassium  carbonate  in 
fifteen  times  its  weight  of  water  and  add  some 
slaked  lime.  Boil  for  some  time  and  filter. 
The  solution  is  now  found  to  act  just  like  the 
solution  made  by  the  action  of  potassium  on 
water,  and  on  evaporation  yields  caustic  potash. 
This  method  is  used  in  the  preparation  of  caustic 
potash  solution  for  soap  manufacture  and  for 
removing  paint  and  grease.  The  solution  is 
evaporated  to  dryness,  and  the  solid  residue 
melted  and  cast  into  sticks. 

Make  solutions  of  caustic  potash  and 
hydrochloric  acid,  and  put  them  into  measuring 
glasses  or  burettes  (graduated  medicine  bottles 
are  fairly  accurate  for  a  beginning,  one 
teaspoonful  =  3|  cubic  centimetres).  Pour  a 
measured  quantity  of  the  acid  solution  into  a 
glass  or  beaker,  add  some  litmus  solution,  and 
run  the  alkali  solution  in  until  the  litmus  takes 
the  neutral  colour.  Now  take  a  measured 
quantity  of  the  alkali  and  run  in  the  acid  until 
neutral.  Compare  the  amounts  of  each  solution 
required  for  neutralization  in  the  two  cases,  they 
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are  found  to  have  the  same  relation,  that  is, 
if— 

10  cc.  acid  require  13  co.  of  alkali, 
and  10  cc.  alkali   „     77  cc.  of  acid, 

4.1.  10  7-7 
then  Is  =  10" 

This  shows  that  acids  and  alkalies  in  neu- 
tralizing each  other  obey  the  law  of  Constant 
Proportions,  and  the  operation  of  finding  how 
much  of  one  solution  is  required  to  neutralize 
any  given  volume  of  another,  is  called  titrating. 

Now  what  is  the  body  formed  by  neutraliz- 
ing caustic  potash  with  hydrochloric  acid  ? 
Evaporate  some  of  the  neutral  solution  to 
dryness.  A  white  solid  is  left  which  tastes 
like  salt  and  is  the  same  as  that  formed  by 
acting  on  potassium  with  chlorine,  i.e.  chloride 
of  potassium.  Hence  we  seem  to  be  able  to  form 
the  chlorides  in  two  ways,  (1)  By  direct  com- 
bination of  an  element  with  chlorine ;  (2)  By 
the  action  of  a  hydroxide  of  an  element 
on  hydrochloric  acid.  If  we  use  solid  caustic 
potash  and  act  on  it  with  gaseous  hydrochloric 
acid,  we  find  that  water  is  given  off*,  when 
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the  chloride  of  potassium  is  formed,  so  that  the 
difference  between  the  two  methods  of  making 
the  chloride  of  potassium  consists  in  the  forma- 
tion of  water  in  the  action  of  the  acid  on  the 
base.  The  potassium  of  the  potash  takes  the 
place  of  the  hydrogen  of  the  hydrochloric  acid, 
forming  the  chloride,  and  the  hydrogen  of  the 
acid  takes  the  place  of  the  potassium  of  the 
base,  forming  water.    Thus — 


or  KOH  +  HC1  =  KC1  +  H20. 
A  body  which  is  formed  in  this  way  is  called 
a  salt,  and  potassium  chloride  is  called  a  salt 
of  potash  and  hydrochloric  acid,  and  from  it  we 
can  obtain  both  the  base  and  the  acid  which 
went  to  form  it. 

The  method  of  expressing  a  reaction  by  the 
symbols  of  the  compounds  taking  part  in  it 
in  such  a  way  as  to  show  how  the  elements 
rearrange  themselves,  is  called  an  equation. 
The  equation  would  be  read  thus : — 
Potash  acts  upon  hydrochloric  acid,  forming 
potassium  chloride  and  water.    A  chemical 


KOR\ 
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equation  may  also  be  used  to  represent  the 
weights  of  the  compounds  formed,  if  we  attach 
their  atomic  weights  to  the  symbols  of  the 
elements.    Thus — 

K  =  39  H=l  K  =  39  H2  =  2 
O  =  16  CI  =  35-5  01  =  35-5  O  =  16 
H=  1 

KOH  =  56  HOI  =  36-5  KOI  =  74  5  H20  ==  18 

The  equation  would  now  be  read  in  this 
way  : — When  56  gm.  of  potash  act  upon  36*5 
gm.  of  hydrochloric  acid,  they  form  74*5  gm.  of 
potassium  chloride  and  18  gm.  of  water. 

Again,  since  the  molecular  weight  of  every 
gas  is  taken  to  be  that  weight  of  the  gas  which 
occupies  the  same  volume  as  2  gm.  of  hydrogen, 
and  the  formulae  we  use  represent  as  far  as 
possible  molecular  weights,  it  follows  that  an 
equation  may  also  tell  us  the  volumes  of  any 
gases  which  enter  into  a  chemical  reaction  or 
are  produced  in  its  course.  Thus  2  gm.  of 
hydrogen  occupy  (at  0°C.  and  760  mm.  pressure) 
22*2  litres,  so  that  the  molecular  weights  of  all 
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gases  occupy  22*2  litres  under  similar  condi- 
tions. 

Hence  our  equation  may  be  read  at  last : — 

When  we  pass  22*2  litres  of  hydrochloric  acid 
gas  over  56  gm.  of  potash,  they  form  74'5  gm. 
of  hydrochloric  gas  and  18  gm.  of  water. 

It  must  be  specially  noticed,  however,  that 
the  number  of  chemical  reactions  which  can  be 
completely  represented  in  this  way  is  not  very 
large,  since  the  equation  does  not  tell  us 
whether  the  action  can  take  place  at  all,  or 
whether  any  special  conditions  are  required  to 
bring  it  about,  such  as  heating,  water,  the 
presence  of  a  flame,  &c.  But  for  the  practical 
purpose  of  finding  out  how  much  of  each  of 
two  bodies  must  be  mixed  to  produce  another, 
and  for  calculating  the  composition  of  a  body 
from  the  results  of  its  analysis,  the  use  of 
equations  is  very  valuable. 

Before  passing  to  the  next  chapter  we  may 
look  at  the  substance  sodium  carbonate,  or 
common  ivashing  soda,  which  resembles  potas- 
sium carbonate.    It  is  found  in  the  ashes  of 
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some  sea  plants,  which  appear  to  be  able  to 
make  use  of  it  instead  of  the  potassium 
salt. 

Sodium  carbonate  when  distilled  with  char- 
coal gives  sodium,  a  metal  like  potassium,  which 
dissolves  in  water  forming  caustic  soda, 
NaOH.  Sodium  burns  when  heated  in  oxygen 
or  air  forming  an  oxide  represented  by  Na20, 
which  combines  with  water  to  form  caustic  soda, 
Na20,H20  or  NaOH.  We  may  also  make 
caustic  soda  exactly  as  in  the  case  of  caustic 
potash,  by  boiling  carbonate  of  sodium  with 
slaked  lime. 

Make  solutions  of  caustic  soda  and  of  nitric 
acid,  and  neutralize  as  in  the  case  of  potash  and 
hydrochloric  acid.  The  two  substances  obey 
the  Law  of  Constant  Proportions  when  they 
combine,  and  on  evaporating  the  solution 
nitrate  of  soda  is  left.  In  this  case  also  we 
have  a  base  acting  on  an  acid  forming  a  salt 
and  water,  sodium  nitrate  being  the  salt,  but 
we  cannot  make  the  nitrate  by  combining  sodium 
Na  with  N03,  since  no  body  with  this  com- 
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position  has  been  prepared.  It  is  character- 
istic of  salts  containing  oxygen  that  they  are 
not  made  by  direct  combination  of  the  metal 
with  the  other  part  of  the  salt. 
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METALS — BASES. 

Take  some  soil  and  some  wood  ash  and  boil 
them  up  with  dilute  hydrochloric  acid.  Filter 
the  solutions  and  add  some  caustic  potash 
solution  to  the  soil  and  ash  extracts  until  there 
is  a  thick  gelatinous  precipitate.  It  is  brown 
in  colour,  and  easily  dissolves  again  in  hydro- 
chloric acid. 

Add  an  excess  of  the  caustic  potash  solution 
and  boil,  then  filter,  and  wash  the  brown  jelly 
by  pouring  water  through  the  precipitate 
collected  on  a  filter  paper.  Keep  the  part  of 
the  extract  which  runs  through,  called  the 
filtrate. 

What  is  the  brown  substance  ? 
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Allow  it  to  stand  on  a  pad  of  blotting  paper 
in  the  air  until  it  is  no  longer  wet.  Then  heat 
some  in  a  saucer  or  in  a  crucible.  It  gives  off 
water,  and  finally  leaves  a  brown  powder  like 
rust. 

Dissolve  some  rust  in  hydrochloric  acid,  and 
treat  it  in  the  same  way  as  the  soil  extract, 
exactly  the  same  result  occurs,  showing  that 
the  soil  probably  contains  some  substance  from 
which  we  can  make  rust.  .Now  we  know  that 
rust  is  formed  by  the  oxidation  of  iron  in  moist 
air,  so  that  both  soil  and  plant  ash  probably 
contain  the  well-known  metal  iron.  We  con- 
firm this  by  the  exact  similarity  in  properties 
between  the  hydrochloric  acid  extract  of  soil 
and  the  solution  of  rust  in  hydrochloric  acid. 

Take  the  filtrate  from  the  soil  extract  which 
has  been  boiled  with  potash  and  add  solid  sal- 
ammoniac  to  it,  a  white  gelatinous  precipitate 
is  soon  produced  which  should  be  filtered  and 
washed  as  in  the  previous  case. 

Take  a  piece  of  metallic  aluminium  and  dis- 
solve it  in  hydrochloric  acid,  and  treat  the 
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solution  with  caustic  potash  and  sal-ammoniac 
as  before.  The  same  gelatinous  white  pre- 
cipitate is  produced,  which,  as  in  the  case  of  the 
iron  precipitate,  filters  to  a  jelly ;  this  jelly 
gives  off  water  on  heating  and  leaves  a  white 
powder  of  an  oxide  of  aluminium  exactly  the 
same  as  that  which  is  formed  when  aluminium 
is  dissolved  in  nitric  acid  and  heated. 

Both  the  gelatinous  precipitates  of  the  iron 
and  aluminium  compounds  dissolve  in  hydro- 
chloric acid,  and  on  evaporating  the  solutions  to 
dryness  give  solids  which  contain  both  the  pre- 
cipitate and  the  acid,  and  are  salts.  These  pre- 
cipitates are  bases.  Now  iron  and  aluminium, 
potassium  and  sodium,  are  metals,  and  they  all 
appear  to  be  connected  with  bases.  What  are 
the  ideas  contained  in  the  word  metal,  and 
can  they  be  connected  with  bases  ? 

Examine  specimens  of  iron,  copper,  lead,  tin, 
zinc,  aluminium,  mercury,  silver,  gold,  or  any 
other  common  metals. 

They  are  opaque  bodies,  and  it  is  character- 
istic of  metals  that  they  do  not  allow  light  to 
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pass  through  unless  they  are  in  very  thin  layers, 
to^oo  of  an  inch  or  less  in  thickness. 

They  have  a  bright  shining  surface,  taking  a 
polish,  even  though  they  may  tarnish  quickly, 
that  is,  they  are  lustrous. 

They  conduct  heat  and  electricity ;  the 
wires  for  electric  bells  and  telegraphs  are  made 
of  copper  or  iron,  and  kettles  and  boilers  are 
made  of  metal  where  we  wish  to  carry  heat  from 
a  fire  to  the  contents  of  a  vessel. 

They  have  also  other  properties  in  varying 
degree  on  which  much  of  their  usefulness  de- 
pends ;  e.g.  they  are  hard,  like  steel ;  their 
hardness  varies  from  that  of  steel  to  that  of 
sodium,  which  may  easily  be  cut  by  the  finger- 
nail, and  mercury,  which  is  liquid  at  ordinary 
temperatures.  They  may  be  bent  when  cold  or 
at  a  red  heat,  or  hammered  into  different 
shapes  without  cracking,  they  may  be  drawn 
into  wire  without  breaking,  and  they  bear 
heavy  weights  or  stand  a  great  pull  without 
snapping,  that  is,  they  are  malleable,  ductile, 
and  tenacious. 
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Steel  is  the  most  tenacious,  gold  the  most 
ductile,  and  the  most  malleable,  though 
wrought  iron  and  steel  are  very  malleable 
at  a  bright  red  heat. 

The  last  property,  which  we  notice  at  once  in 
the  case  of  the  common  metals,1  is  that  they  are 
generally  heavy,  and  except  aluminium,  which 
is  only  2 \  times,  they  are  all  over  6  times  as 
heavy  as  water. 

Though  aluminium  is  so  light,  yet  it  possesses 
in  a  very  marked  degree  the  properties  of 
tenacity,  ductility,  and  malleability,  and  as  the 
air  has  much  less  action  on  it  than  on  iron,  its 
use  may  be  expected  to  extend  from  year  to 
year  as  its  manufacture  becomes  cheaper. 

Though  there  is  such  great  variety  in  the 
properties  of  the  metals,  yet  we  can  increase  the 
number  of  useful  metals  by  combining  together 
those  whose  properties  we  wish  to  secure, 
or  by  covering  one  with  a  thin  coating  of 
another. 

The  products  of  the  combination  of  properties 
1  Sodium  and  potassium  are  lighter  than  water. 
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of  metals  by  mixing  are  termed  alloys,  and  we 
have  many  examples  of  these. 

Lead  is  soft  and  tarnishes  easily.  Tin  is 
harder  and  keeps  a  fine  polish,  but  it  is  about 
six  times  as  dear.  Pewter  and  Britannia 
metal,  alloys  of  lead  and  tin,  are  more  con- 
venient to  work  than  either,  hard  enough  to 
wear,  and  also  keep  a  bright  surface. 

Zinc  is  hard  and  brittle,  copper  is  very 
tough,  and  both  tarnish  easily.  Their  alloy, 
brass,  is  hard  and  tough,  and  keeps  a  good 
surface. 

Copper  and  tin  make  the  alloys,  bell  metal 
and  the  bronze  used  for  coinage. 

Lead  is  hardened  by  mixing  with  antimony, 
and  is  then  used  for  shot  and  type. 

The  melting  point  of  alloys  is  generally  below 
that  of  the  constituents,  and  so  alloys  are  used 
for  soldering  and  brazing.  They  are  also  used 
for  making  safety  plugs  for  boilers. 

Metals  are  very  generally  coated  or  plated 
with  others  for  preservation.  Thus  iron,  which 
is  easily  oxidized,  is  generally  protected  by 
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electro- plating  with  nickel  or  by  coating  it 
with  tin  or  zinc. 

Copper  is  protected  in  cooking-vessels  by  tin, 
and  copper  alloys  used  for  domestic  purposes  by 
silver  plating. 

Electro-         Take  a  strip  of  zinc  and  a  strip  of  copper  and 

plating.  x  x  x 

fix  a  piece  of  wire  to  each.  Place  the  strips 
in  dilute  sulphuric  acid.  Wind  the  free  end  of 
the  wire  attached  to  the  zinc  round  a  piece 
of  copper  or  brass,  and  dip  it  and  the  wire  from 
the  copper  strip  into  a  solution  of  nitrate  of 
silver  or  sulphate  of  copper.  In  a  very  short 
time  the  piece  of  copper  or  brass  is  coated  or 
plated  with  a  covering  of  silver  or  copper. 

Take  a  piece  of  copper  wire  and  dip  it  into 
some  melted  tin,  after  rubbing  it  with  melted 
tallow  or  resin.  It  becomes  covered  with  a 
bright  coating  of  tin.  Copper  can  be  coated 
with  zinc  in  the  same  way,  and  iron  too  if 
carefully  cleaned  first  with  acid  to  remove 
oxide.  This  process  of  zinc  coating  is  called 
galvanizing. 

When  air  and  water  act  on  galvanized  iron 
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the  zinc  is  first  dissolved  owing  to  galvanic 
action,  and  so  this  mode  of  protection  is  used 
where  the  preservation  of  the  iron  is  the  first 
consideration,  but  when  air  and  water  act 
on  tinned  iron  they  attack  the  iron  as  soon 
as  they  reach  it  rather  than  the  tin,  and  the 
iron  becomes  eaten  into  holes,  while  the  tin 
surface  itself  only  shows  spots  where  the  water 
is  attacking  the  iron  underneath.  The  galvanic 
action  in  this  case  prevents  the  tin  from  dis- 
solving, as  a  rule.  Hence  tinning  is  best  where 
it  is  necessary  to  keep  the  contents  of  a  vessel 
free  from  poisonous  metallic  salts. 

The  metals  have  other  properties  in  common. 

Those  metals  which  have  been  converted 
into  vapour  have  been  shown  to  have  mole- 
cular weights  only  just  equal  to  their  atomic 
weights ;  in  other  words  their  molecules  are 
generally  built  of  one  atom  or  are  monatomic. 

They  all  form  oxides  which  combine  with 
water  to  form  hydroxides  (except  mercury),  and 
these  hydroxides  are  bases. 

We  have  already  prepared  the  bases  caustic 
H  2 
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potash  and  caustic  soda,  i.e.  potassium  and 
sodium  hydroxides,  by  the  action  of  potassium 
and  sodium  on  water.  We  have  also  prepared 
iron  and  aluminium  hydroxides  by  the  action  of 
caustic  potash  solution  upon  the  salts  of  iron 
and  aluminium  obtained  from  the  soil. 

There  are  only  two  other  important  bases  for 
our  purpose,  viz.  slaked  lime  and  magnesium 
hydroxide. 

hydrolTde.  Slaked  lime  or  calcium  hydroxide  we  have 
already  prepared,  but  cannot  make  out  its 
exact  composition  for  ourselves;  however,  if 
it  is  dissolved  in  dilute  hydrochloric  acid, 
evaporated  to  dryness,  fused,  and  a  powerful 
electric  current  passed  through  the  mass, 
it  yields  globules  of  a  yellowish  metal.  This 
is  calcium,  and  slaked  lime,  Ca(OH)2,  may  be 
prepared  directly  by  the  action  of  water  on 
calcium. 

Magnesia.  Tlie  substances  with  which  we  may  start  for 
investigating  magnesia  are  numerous,  but  the 
chief  are  magnesite  or  magnesium  carbonate, 
dolomite  or  magnesian   limestone  (found  in 
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Durham,  Yorkshire,  and  Notts),  Epsom  salts, 
and  kainit.  Magnesite  dissolves  in  dilute  hydro- 
chloric acid,  and  the  solution  when  evaporated 
down  leaves  a  crystalline  residue.  This 
residue  is  fused  and  treated  with  metallic 
sodium,  when  a  fairly  hard,  light  grey  metal 
is  found.  This  metal  melts  at  a  high  tempera- 
ture, and  burns  when  held  in  a  flame.  It 
is  magnesium,  and  the  burnt  magnesium 
is  its  oxide  magnesia,  MgO.  The  oxide  is 
only  slightly  soluble  in  water,  to  which  it 
gives  a  characteristic  bitter  taste.  Its  solution 
turns  litmus  blue,  and  is  alkaline,  and  contains 
the  hydroxide,  Mg(OH)2,  which  is  a  base.  The 
hydroxide  may  also  be  prepared  by  the  action 
of  caustic  potash  solution  on  Epsom  salts  or 
kainit. 

Calcium  hydroxide  and  magnesium  hydrox- 
ide both  possess  the  property  of  neutralizing 
acids  ;  they  then  form  salts,  and  many  of  the 
most  important  agricultural  compounds  are 
salts  of  calcium  hydroxide. 

There   are  many   other  interesting  bases 


102 


Chemistry 


which  deserve  to  be  studied,  e.g.  copper 
hydroxide,  lead  hydroxide,  and  mercury  oxide, 
(which  does  not  appear  to  be  able  to  retain  its 
water  of  hydration),  and  these  yield  interest- 
ing and  important  salts.  Copper,  lead,  and 
mercury  all  dissolve  in  dilute  nitric  acid,  and 
the  hydroxides  are  precipitated  from  the 
solutions  by  caustic  potash. 
hydroxide  Copper  hydroxide  possesses  interesting  anti- 
septic properties  and  is  the  active  substance 
in  the  Bordeaux  mixture  used  for  dressing 
potatoes,  &c.  This  mixture  is  made  by  pre- 
cipitating the  copper  hydroxide  from  a  solution 
of  sulphate  of  copper  by  means  of  slaked  lime, 
a  base  which  has  less  injurious  effect  on  the 
leaves  of  plants  than  caustic  soda  or  potash. 
In  order  to  effect  complete  precipitation  one  part 
by  weight  of  sulphate  of  copper  in  solution 
in  100  of  water  is  precipitated  by  stirring 
with  one  part  of  quicklime.  Copper  salts 
prevent  the  development  of  the  spores  of  the 
potato  diseases,  and  the  gelatinous  character  of 
the  hydroxide  which  is  gradually  converted 
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into  carbonate  [in  the  air,  causes  it  to  stick  to 
the  leaves. 

Dissolve  some  iron  filings  in  dilute  hydro- Iron  tydrox- 

°  J  ides. 

chloric  acid  and  add  some  caustic  potash  to 
the  solution.  An  immediate  precipitate  is  seen, 
which  is  white  for  a  moment,  but  rapidly  turns 
green,  and  then  brown  at  the  surface.  Now 
we  know  that  iron  rusts  by  oxidation,  and  that 
rust  dissolved  in  hydrochloric  acid  gives  a 
brown  precipitate  of  hydroxide  of  iron  with 
caustic  potash  solution. 

Dissolve  the  green  substance  in  dilute 
hydrochloric  acid  and  evaporate.  In  a  short 
time  pale  green  crystals  will  be  seen  to  form. 
These  crystals  contain  iron  and  also  chlorine, 
and  yet  are  quite  different  from  the  yellow 
chloride  of  iron  prepared  from  rust.  How  can 
we  account  for  this  ?  Is  it  possible  that  iron 
can  have  more  than  one  hydroxide  ? 

Evaporate  the  green  solution  with  a  few 
drops  of  nitric  acid,  the  solution  turns  golden- 
yellow  after  blackening  for  a  few  moments,  and 
then  caustic  potash  gives  us  the  red-brown 
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hydroxide.  Again,  the  green  precipitate  when 
standing  in  the  air  turns  brown,  and  if  a 
basin  of  the  green  solid  is  stood  in  air  or 
oxygen  over  water  in  a  bell  jar,  some  of  the 
oxygen  is  found  to  disappear  at  the  same  time 
as  the  colour  changes  from  green  to  brown. 
The  green  solid  is  then  a  hydroxide  of  iron 
which  contains  less  oxygen  than  the  brown  one, 
their  formulae  being  Fe(OH)2  and  Fe(OH)3 
respectively ;  they  are  called  ferrous  and  ferric 
hydroxides. 


CHAPTER  XI. 


SULPHUR  AND  ITS  COMPOUNDS. 

One  of  the  important  constituents  of  all 
plants  is  sulphur,  so  we  must  investigate  its 
reactions.  Sulphur  is  found  in  a  free  state  in 
volcanic  districts,  where  it  is  melted  or  boiled  out 
of  the  soil  with  which  it  is  mixed.  If  melted,  it 
is  cast  into  sticks  of  roll  sulphur  ;  if  boiled,  it  is 
condensed  into  a  powder,  flowers  of  sulphur. 

Sulphur  is  a  yellow  solid  which  is  insoluble 
in  water,  but  dissolves  in  its  liquid  compound 
with  carbon,  carbon  bisulphide.  It  is  unchanged 
by  weak  acids,  but  strong  nitric  and  sulphuric 
acids  act  upon  it  when  boiling. 

Burn  some  sulphur  in  air,  it  melts  to  a 
brown  liquid,  then  lights   and   gives   off  a 
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characteristic  smell  of  burning  sulphur.  The 
same  thing  happens  when  sulphur  is  burned  in 
oxygen,  so  that  the  compound  formed  is  an 
oxide  of  sulphur.  Burn  some  sulphur  in  a  jar 
of  oxygen  in  a  deflagrating  spoon  and  test  the 
contents  of  the  jar  with  a  lighted  taper,  the 
taper  is  put  out.  Take  the  cover  off  the  jar 
after  a  few  minutes,  test  again  with  a  taper, 
the  gas  has  remained  in  the  jar,  showing 
that  it  is  much  heavier  than  air.  Now  pour 
some  water  into  the  jar  and  shake  it  up,  the 
gas  immediately  dissolves  and  the  solution 
takes  the  smell  of  burnt  sulphur.  Test  the 
solution  by  litmus,  it  turns  red,  showing 
that  the  solution  is  acid,  and  the  oxide  of 
sulphur  is  an  acid  oxide. 

What  is  the  formula  of  the  oxide  ?  Take  a 
small  piece  of  sulphur,  put  it  in  a  deflagrating 
spoon  which  passes  through  a  cork  fitting  the 
neck  of  a  bell  jar  of  oxygen  standing  over 
mercury  (Fig.  4).  Light  the  sulphur,  and 
plunge  it  into  the  bell  jar,  fixing  the  cork  in 
tightly :  the  sulphur  burns.    When  cool,  the  gas 
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which  is  formed  fills  as  much  space  as  the 
oxygen  :  hence  by  Avogadro's  Law,  eacli  mole- 
cule of  the  oxide  of  sulphur  contains  one 
molecule  of  oxygen,  or  the  formula  of  the  com- 
pound is  SO.,  unless  we  find  less  sulphur  in 
any  molecule  than  we  do  in  a  molecule  of  this 
oxide  ;  the  compound  is  called  sulphur  dioxide. 

The  solution  in  water  may  be  considered  to 
contain  a  compound  of  the  oxide  and  water. 
SO.,,H20,  or  ILSO3,  which  we  call  sulphurous 
acid. 

Dissolve  some  sodium  carbonate  in  water  and 
add  it  to  the  solution  of  sulphurous  acid  till  it 
stops  fizzing,  then  evaporate  to  dryness,  a 
white  solid  remains  which  contains  the  sulphur 
dioxide  and  is  a  salt  of  soda  and  sulphurous 
acid,  a  sulphite  of  soda. 

Allow  some  of  a  solution  of  sulphurous  acid 
to  stand  in  the  air  in  an  open  saucer,  the 
smell  gradually  disappears.  Test  the  solution 
with  litmus,  it  is  still  acid,  showing  that  the 
oxide  of  sulphur  has  not  disappeared,  but  has 
apparently  changed.    Mix  some  sulphur  with 
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some  nitrate  of  soda  and  make  a  piece  of  brick 
or  a  clay  crucible  red  hot.  Stand  the  hot  brick 
on  another  piece  of  brick  standing  over  some 
water,  and  cover  with  a  bell  jar  provided  with 
a  neck  and  cork.  Then  drop  the  mixture  on 
the  red  hot  brick,  a  little  at  a  time  through  the 
neck,  violent  action  takes  place,  and  when  the 
bell  jar  has  cooled  down  the  water  is  poured 
off. 

This  solution  is  strongly  acid,  and  acts  on 
zinc,  causing  hydrogen  to  be  given  off,  while  on 
evaporation  the  solution  of  zinc  gives  white 
crystals.  If  the  solution  is  distilled  an  oily 
liquid  is  left. 

What  is  this  liquid?  From  its  mode  of 
formation  we  might  expect  that  it  contains 
more  oxygen  than  sulphurous  acid. 

Make  a  jar  of  nitrous  fumes  by  the  action  of 
copper  on  nitric  acid  and  shake  some  sulphur- 
ous acid  with  them.  The  contents  of  the  jar 
become  colourless ;  remove  the  cork  or  cover  of 
the  jar.  There  is  an  immediate  re-formation 
of  the  red  fumes,  showing  that  nitric  oxide,  NO, 
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must  have  been  formed  from  the  nitrous  fumes, 
N204,  which  have  lost  oxygen  to  the  sulphurous 
acid.  The  action  may  be  repeated  several 
times  until  all  the  sulphurous  acid  disappears. 
The  liquid  may  be  concentrated  by  distilling 
off  the  water  and  the  same  oily  liquid  is  left 
as  before.  The  amount  of  oxygen  taken  up 
shows  that  the  acid  is  represented  by  the 
formula  H2S04,  and  it  is  called  sulphuric  acid. 

The  concentrated  acid  is  known  in  commerce 
as  sulphuric  acid  or  oil  of  vitriol,  and  it  is  one 
of  the  most  important  bodies  in  the  whole 
range  of  chemistry.  It  is  used  on  a  large 
scale  in  the  manufacture  of  sodium  carbonate, 
nitric  and  hydrochloric  acids,  sulphate  of 
ammonia,  and  superphosphate  of  lime. 

It  is  made  by  the  reaction  just  described 
from  burnt  sulphur,  oxygen  from  the  air,  and 
steam ;  the  oxygen  is  enabled  to  combine  with 
the  sulphur  dioxide  by  the  assistance  of  oxides 
of  nitrogen  prepared  by  the  action  of  sulphuric 
acid  on  nitrate  of  soda. 

The  operation  is  conducted  in  large  leaden 
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chambers  upon  which,  the  acid  fumes  do  not 
act,  and  the  fumes  of  the  burning  sulphur  are 
led  into  the  chambers  together  with  jets  of 
steam  and  air.  In  the  chambers  they  meet  with 
the  oxides  of  nitrogen  produced  by  the  action 
of  the  sulphuric  acid  on  nitrate  of  soda  in 
cast-iron  pots,  and  the  reaction  may  be  simply 
explained  by  saying  that  the  nitrogen  tetrox- 
ide  parts  with  its  oxygen  to  form  sulphuric 
acid  and  nitric  oxide,  while  the  air  drawn  in 
adds  oxygen  to  the  nitric  oxide  and  re-forms 
nitrogen  tetroxide.  [It  is  more  correct  to  state 
that  combination  precedes  the  splitting  off  of 
the  nitric  oxide,  leaving  the  sulphuric  acid.] 
Only  a  dilute  acid  can  be  prepared  by  this 
method,  and  it  is  concentrated  in  glass  or 
platinum  vessels  till  nearly  free  from  water. 
Instead  of  burning  sulphur,  iron  pyrites  is 
generally  used  on  account  of  its  cheapness; 
this  burns  to  sulphur  dioxide  just  as  sulphur 
does,  but  leaves  a  residue  of  partly  oxidized 
iron. 

Pour  some  sulphuric  acid  on  zinc  or  copper, 
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no  action  takes  place,  but  when  the  mixture  is 
heated  sulphur  dioxide  is  produced  and  the 
metal  dissolves.  The  sulphur  dioxide  contains 
less  oxygen  than  sulphuric  acid,  and  its  forma- 
tion is  said  to  be  due  to  a  reduction  of  the  acid, 
while  the  metal  is  oxidized.  This  reaction  is 
generally  used  in  the  laboratory  for  the  pre- 
paration of  sulphur  dioxide ;  charcoal  and 
sulphur  also  reduce  sulphuric  acid  when  heated 
with  it. 

The  strong  acid  dissolves  paper  and  the 
solution  is  precipitated  by  dilution  with  water. 
Dip  a  sheet  of  filter  paper  into  strong  sulphuric 
acid,  and  then  straight  into  water.  Take  out 
the  sheet  and  dry  it.  It  is  now  translucent 
and  is  used  as  a  substitute  for  parchment, 
under  the  name  of  parchment  paper. 

Add  some  sulphuric  acid  to  water,  the 
mixture  becomes  warm,  and  if  equal  quantities 
of  the  acid  and  water  are  taken  the  tem- 
perature rises  so  high  that  the  water  nearly 
boils.  This  experiment  is  evidence  of  the  fact 
that  strong  sulphuric  acid  is  extremely  eager 
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to  remove  water  from  bodies ;  it  is  therefore 
called  hygroscopic,  and  any  moist  gas  passed 
through  it  is  completely  dried. 

Make  a  saturated  solution  of  sugar  and 
pour  into  it  an  equal  volume  of  concentrated 
sulphuric  acid.  In  a  few  moments  the  acid 
removes  water  from  the  sugar,  causing  it  to 
swell  and  char. 

Pour  some  dilute  sulphuric  acid  on  zinc, 
hydrogen  gas  is  given  off  and  the  metal  takes 
the  place  of  the  hydrogen,  forming  a  salt  of 
sulphuric  acid,  zinc  sulphate.  In  this  respect 
it  resembles  hydrochloric  acid,  while  in  its 
actions  when  concentrated  and  hot  it  resembles 
nitric  acid.  A  characteristic  reaction  of 
sulphuric  acid  is  that  it  forms  with  a  solution 
of  barium  nitrate  and  nitric  acid  a  white 
precipitate  which  is  insoluble  in  excess  of 
acid. 

Make  a  solution  of  sulphuric  acid  and  a 
solution  of  caustic  potash,  putting  the  latter 
in  a  measuring  glass  or  burette.  Measure  out 
say  25  cc.  of  the  acid  solution  and  run  in  the 
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potash  solution  until  the  mixture  is  neutral  to 
litmus,  evaporate  the  solution  to  dryness,  a 
white  crystalline  solid,  sulphate  of  potassium,  is 
formed.  Now  take  another  25  cc.  of  the  acid, 
but  only  add  to  it  half  the  volume  of  caustic 
potash  required  to  neutralize  it,  and  again 
evaporate  to  dryness.  A  solid  salt  is  again 
left,  but  this  salt  is  acid  to  litmus,  and  when 
heated  with  nitrate  of  soda  liberates  nitric 
acid.  It  also  acts  upon  zinc,  setting  free 
hydrogen.  Try  the  same  reactions  with  the 
sulphate  first  formed ;  they  do  not  take 
place.  What  is  the  difference  between  these 
two  salts  ?  It  is  best  explained  by  assuming 
that  the  hydrogen  atoms  in  the  sulphuric  acid 
may  be  replaced  separately  by  a  metal,  thus 
forming  in  the  case  of  potassium  the  two  salts 
K2S04  and  KHS04  from  H2S04.  The  former, 
in  which  all  the  hydrogen  of  the  acid  is  re- 
placed by  the  metal  of  the  base,  is  termed  the 
normal  sulphate  of  potassium  ;  the  latter,  in 
which  only  part  of  the  hydrogen  of  the  acid  is 
replaced  by  the  metal  of  the  base,  is  called  the 
VOL.  L  I 
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acid  or  hydrogen  sulphate  of  potassium.  An 
acid  which  in  this  way  makes  two  different 
salts  with  a  base  is  called  a  dibasic  acid,  and 
sulphuric  acid  is  a  dibasic  acid. 

Take  some  sulphur,  mix  it  with  iron  filings 
and  heat  the  mixture.  The  two  elements 
combine  and  form  a  compound  which,  as  it 
only  contains  two  elements,  has  the  termination 
-ide,  i.e.  iron  sulphide.  Pour  some  dilute 
sulphuric  or  hydrochloric  acid  on  the  iron 
sulphide  ;  instead  of  hydrogen  being  given  off 
a  characteristic  smell  of  rotten  eggs  is 
noticed. 

Put  some  of  the  sulphide  in  a  bottle  fitted  with 
a  thistle  funnel  and  delivery  tube  (Fig.  8b),  and 
pour  dilute  sulphuric  acid  on  it.  Collect  some 
of  the  gas  in  cylinders.  It  is  colourless,  but 
has  the  smell  and  taste  of  rotten  eggs.  Put  a 
lighted  taper  into  a  cylinder  of  the  gas,  it  is 
put  out,  but  the  gas  burns  and  gives  rise  to  a 
smell  of  burning  sulphur.  Pour  some  water 
into  another  cylinder  of  the  gas  and  shake  it 
up.     The    gas    dissolves    and    gives  its 
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characteristic  smell  to  the  water.  Test  the 
solution  with  litmus,  it  turns  dull  red,  showing 
that  the  solution  is  slightly  acid. 

Fit  a  jet  to  the  delivery  tube,  and  when  the 
gas  is  coming  off  vigorously  and  the  bottle  is 
free  from  air,  light  the  gas.  It  burns  and 
forms  steam  which  condenses  on  a  cold  tumbler 
or  plate  held  in  the  flame,  even  when  the  gas 
is  dried,  and  also  sulphur  dioxide,  which  is 
recognized  by  its  smell.  Hence  the  gas  must 
contain  hydrogen  and  sulphur. 

Pass  some  of  the  gas  over  heated  iron  or 
tin  in  a  glass  tube,  and  collect  the  gas  which 
passes  over.  It  burns,  puts  out  a  taper,  and 
is  very  light ;  it  is  hydrogen.  The  iron  has 
become  changed  to  iron  sulphide  again,  so 
that  the  gas  must  be  a  compound  of  hydrogen 
and  sulphur,  and  nothing  else.  Put  a  bundle 
of  iron  wire  or  tin  foil  into  a  hard  glass  test 
tube  about  8  in.  long,  fill  the  tube  with  the  gas, 
cork  it  tightly,  and  heat  the  metal.  When  cool, 
open  under  water  and  note  that  the  volume  of 
the  hydrogen  remaining  is  equal  to  the  volume 
1  2 
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of  the  gas  taken,  so  each  molecule  of  the  gas 
contains  one  molecule  of  hydrogen.  It  is 
represented  by  H2S,  and  called  sulphuretted 
hydrogen. 

Pass  some  sulphuretted  hydrogen  through 
solutions  of  copper  sulphate,  tartar  emetic, 
and  through  white  lead  shaken  up  with  water  ; 
notice  the  coloured  precipitates  produced, 
which  contain  the  whole  of  the  metal  in  the 
original  solution.  Pass  some  of  the  gas 
through  a  solution  of  iron  in  hydrochloric  acid, 
but  notice  that  no  effect  is  produced  until 
ammonia  or  another  alkali  is  added.  This 
peculiar  property  of  many  metals  of  forming 
insoluble  sulphides  enables  us  to  separate 
them  from  those  which  form  sulphides  which 
are  soluble,  and  we  get  a  further  separation 
into  c  (i.)  Those  whose  sulphides  are  insoluble  in 
acid  solution,  (ii.)  Those  whose  sulphides  are 
soluble  in  acid  solution  but  insoluble  in  alkali, 
(iii.)  Those  whose  sulphides  are  insoluble 
both  in  acid  and  alkali  solution.  In  this  way 
we  are  able  to  make  up  a  method  of  testing 
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for  some  of  the  elements  which  are  present 
in  any  substance,  i.e.  a  method  of  qualitative 
analysis. 

Heat  some  sulphate  of  soda,  or  gypsum,  with 
charcoal  in  a  crucible.  Reduction  takes  place, 
the  charcoal  is  oxidized,  and  we  find  a 
substance  left  which  gives  off  sulphuretted 
hydrogen  when  mixed  with  dilute  sulphuric 
acid,  so  that  the  reduction  which  has  taken 
place  is  that  of  the  sulphate  to  the  sulphide. 
Now  the  slow  putrefaction  of  leaves  or  other 
vegetable  matter  under  water  is  a  powerful 
cause  of  reduction,  hence  the  water  from 
marsh  land  and  peat  bogs,  and  even  stagnant 
soil  water,  is  very  likely  to  contain  sulphides  of 
lime  and  iron  formed  by  the  reduction  of  sul- 
phates in  the  soil.  Sulphides  are  very  injurious 
to  plant  life,  hence  such  water  prevents  plant 
growth,  and  if  used  for  irrigation  before  being 
exposed  for  some  time  to  the  air,  is  not  likely 
to  give  satisfactory  results.  When  drainage 
allows  air  to  enter  the  soil,  then  the  sulphides  be- 
come oxidized  again  to  the  beneficial  sulphates. 


n8  Chemistry 

Take  a  long  glass  tube  closed  at  one  end, 
put  some  pieces  of  sulphur  at  the  shut  end  and 
fill  it  up  with  pieces  of  charcoal.  Fit  its  open 
end  with  a  tube  connected  with  a  condenser. 
Place  it  in  a  furnace  and  heat  it,  making  the 
charcoal  red  hot  before  heating  the  sulphur. 
A  small  quantity  of  a  colourless  liquid  with  a 
powerful,  unpleasant,  characteristic  smell  is 
collected.  This  can  only  be  a  compound  of 
carbon  and  sulphur,  and  is  a  sulphide  of  carbon, 
carbon  bisulphide,  represented  by  CS2.  It 
burns  to  carbon  dioxide  and  sulphur  dioxide, 
and  explodes  with  oxygen  to  form  the  same 
compounds.  It  acts  as  a  solvent  of  many 
organic  bodies.  It  is  very  poisonous  to  insects, 
and  has  been  used  in  the  treatment  of  the 
Phylloxera  in  the  vine  districts. 


CHAPTER  XII. 


PHOSPHATES,  PHOSPHOPJC  ACID  AND 
PHOSPHORUS. 

Among  the  most  important  constituents  of 
soil  and  plant  ash  and  the  animal  body  are 
found  the  different  varieties  of  phosphate  of 
lime  or  calcium  phosphate,  the  chief  part  of  the 
mineral  matter  of  bones. 

Take  a  piece  of  bone  and  boil  it  with  nitric 
acid  and  a  solution  of  molybdate  of  ammonia. 
The  solution  gives  a  bright  yellow  precipitate. 
Acid  extracts  of  soil  and  wood  ash  give  the 
same  precipitate.  This  precipitate  shows  the 
presence  of  probably  the  same  body  in  all 
three  substances. 

Take  a  piece  of  bone,  burn  it  and  boil  the 
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powder  with  weak  sulphuric  acid.  Filter  the 
solution  and  evaporate  it  to  dryness.  When 
fumes  have  stopped  coming  off,  let  it  cool, 
and  you  find  a  glassy-looking  solid. 

Dissolve  the  solid  in  water  and  test  it ;  it 
turns  litmus  red  and  tastes  acid.  Put  some 
magnesium  filings  in  the  acid  solution. 
Hydrogen  is  given  off,  and  on  evaporation  a 
white  salt  is  found.  Add  to  the  magnesium 
solution  some  ammonia  solution.  A  white 
precipitate  is  produced  which  is  insoluble,  and 
contains  magnesia,  ammonia,  and  the  acid. 

What  is  this  acid  ?  Take  some  of  the  glassy 
acid  and  melt  it  in  a  crucible,  when  it  is  red 
hot  put  a  few  small  pieces  of  aluminium  foil  or 
wire  into  it.  The  two  substances  soon  enter 
into  reaction  and  flashes  of  light  are  visible. 
These  flashes  of  light  are  accompanied  by  the 
formation  of  white  fumes.  Now  aluminium 
does  not  burn  at  this  temperature,  and  does  not 
give  white  fumes  in  the  same  way. 

If  the  acid  is  heated  with  carbon  instead  of 
aluminium,  though  this  cannot  be  done  on  a 
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small  scale,  and  if  the  air  is  kept  from  the  melt, 
then  the  fames  condense  to  form  drops  of  a 
yellowish  liquid,  which  solidifies  in  cold  water 
to  a  light  yellow  waxy  mass.  This  yellow 
mass  is  an  element,  phosphorus ;  it  dissolves 
in  carbon  bisulphide,  but  the  solution  is 
dangerous. 

Take  a  small  piece  of  phosphorus  cut  under 
water  and  place  it  on  a  piece  of  blotting  paper, 
it  soon  begins  to  fume,  and  the  fumes  are  seen 
to  glow  with  a  pale  greenish-blue  light.  If 
the  hand  or,  better,  a  warm  glass  rod,  is  held 
near  the  piece  of  phosphorus  it  bursts  into 
flame,  but  it  will  be  noticed  that  it  does  not 
light  the  paper.  As  it  burns  it  forms  large 
quantities  of  white  fumes. 

The  temperature  at  which  phosphorus  lights 
is  so  low  that  it  can  be  set  on  fire  by  the  heat 
produced  by  rubbing  two  pieces  of  wood 
together  for  a  very  short  time,  while  it  takes 
a  long  time  to  set  the  wood  itself  on  fire  by 
rubbing.  It  can  even  produce  enough  heat  by 
its  own  oxidation  to  set  itself  on  fire  if  the 
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surface  which  is  exposed  to  the  air  is  large ; 
for  this  reason  it  is  always  kept  under  water. 

We  make  use  of  this  property  in  the 
manufacture  of  lucifer  matches.  The  head  of  the 
match  contains  a  mixture  which  can  set  fire  to 
the  stalk,  viz.  potassium  chlorate  or  nitrate 
and  sulphide  of  antimony,  powdered  glass,  and  a 
small  quantity  of  phosphorus  which  is  used  in 
the  form  of  a  strong  solution  in  oil.  The  heat 
produced  by  rubbing  the  match  head  on  the 
side  of  the  box  is  enough  to  set  the  phosphorus 
in  the  head  on  fire,  and  that  makes  the  rest  of 
the  composition  burn.  As  the  phosphorus 
cannot  light  paper  or  wood  on  which  it  is 
burning,  the  stalk  is  tipped  with  sulphur  or, 
better,  wax,  which  the  phosphorus  composition 
can  light.  The  burning  sulphur  or  wax  in  its 
turn  lights  the  wood. 

Phosphorus  gives  off  vapour  at  a  very  low 
temperature,  which  is  not  only  inflammable 
but  also  poisonous,  yellow  phosphorus  itself 
being  used  as  a  rat  poison,  so  that  these  are 
drawbacks  to  its  use  for  making  matches. 
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Take  a  long  quill  glass  tube,  close  it  at  one 
end,  and  shake  a  small  dry  piece  of  yellow 
phosphorus  down  into  the  closed  end.  Now 
either  heat  the  phosphorus  carefully  to  just 
below  its  boiling  point,  or  warm  it  and  drop  a 
very  small  crystal  of  iodine  down  the  tube. 
The  yellow  phosphorus  at  once  turns  red,  a 
change  seems  to  have  taken  place,  and  the 
red  substance  is  now  insoluble  in  carbon 
bisulphide.  Heat  the  red  substance  again  in  a 
long  quill  tube,  and  it  changes  back  to  the 
yellow  phosphorus.  The  phosphorus  has  in 
fact  undergone  a  change  in  properties,  but  it  is 
still  phosphorus,  and  is  called  red  or  amorphous 
phosphorus.  This  is  the  most  characteristic 
case  of  the  existence  of  an  element  in  two 
allotropic  forms. 

Take  a  little  red  phosphorus  and  warm  it 
with  the  hand,  no  effect  is  seen.  Heat  a 
small  quantity  on  a  spoon  or  iron  plate,  it 
does  not  burn  until  its  temperature  is  much 
higher  than  that  of  boiling  water,  and  does  not 
melt  like  yellow  phosphorus.    When  it  does 
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begin  to  hum  it  forms  the  same  white  fumes 
as  yellow  phosphorus,  and  the  same  amount  of 
them. 

Eub  some  red  phosphorus  between  two 
pieces  of  wood,  friction  does  not  cause  it  to 
light ;  but  mix  a  very  small  quantity  with  some 
chlorate  of  potash,  then  friction  will  cause  it  to 
light,  or  a  blow  with  a  hammer  will  make  it 
explode. 

Since  the  red  phosphorus  will  not  burn  by 
itself  while  it  will  burn  when  it  is  rubbed  with 
the  oxidizing  salt,  it  becomes  possible  to  keep 
the  two  things  which  are  required  in  the 
match  head  apart  from  each  other  until  they 
are  wanted  to  be  in  contact ;  that  is,  the  burning- 
composition  is  put  on  the  head  of  the  match, 
and  the  red  phosphorus  mixed  with  powdered 
glass  on  the  side  of  the  box.  In  this  way 
safety  matches  are  made  which  will  only 
strike  when  the  head  is  brought  in  contact 
with  the  side  of  the  box. 

Eed  phosphorus  is  also  harmless  to  animal 
life,  so  that  the  poisonous  properties  of  the 
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lucifer  are  avoided  at  the  same  time  that  safety 
from  fire  is  secured. 

Take  some  yellow  phosphorus,  put  it  on  a 
dry  plate,  warm  it  till  it  lights  and  then  cover 
it  with  a  dry  bell  jar.  The  phosphorus  burns 
to  white  fumes  which  condense  on  the  sides 
of  the  bell  jar  and  plate  to  a  white  solid. 
These  fumes  are  formed  when  phosphorus 
burns  in  oxygen,  so  that  they  are  a  compound 
of  phosphorus  and  oxygen,  i.e.  an  oxide  of 
phosphorus.  If  the  phosphorus  is  weighed, 
and  also  the  oxide  formed  from  it,  the  weights 
are  found  to  agree  with  the  formula  P205,  the 
oxide  is  hence  called  phosphorus  pentoxide. 
Though  the  molecular  weight  of  this  oxide 
agrees  with  the  formula  PX)^,  the  simpler 
formula  is  still  generally  used. 

Collect  the  white  flakes  and  drop  them  into 
water,  they  fizz  and  seem  to  combine  with  the 
water  very  energetically.  Evaporate  the 
solution  to  dryness.  A  glassy  solid  is  left 
which  is  acid  to  litmus,  and  acts  in  exactly  the 
same  way  as  the  acid  solid  obtained  by  acting 
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on  bones  with  excess  of  dilute  sulphuric  acid. 
This  acid  Contains  water,  and  the  weight  shows 
that  it  has  been  formed  by  the  combination  of 
phosphorus  pentoxide  and  water  in  the 
proportion  of  P205  to  3H20,  or  H3P04. 
It  is  called  orthophosphoric  acid. 

Weigh  out  10  gm.  of  orthophosphoric  acid 
and  dissolve  it  in  100  cc.  of  water,  also  weigh 
out  85  gm.  of  caustic  soda  sticks  and  dissolve 
it  in  200  cc.  of  water. 

Take  20  cc.  of  the  solution  of  the  acid  and 
run  in  20  cc.  of  the  soda  solution.  Evaporate 
till  it  crystallizes,  and  collect  the  crystals 
formed.  Measure  out  another  20  cc.  of  the 
phosphoric  acid  solution  and  run  in  40  cc.  of 
the  caustic  soda  solution,  evaporating  as  before. 

Finally  measure  out  another  20  cc.  of  the 
phosphoric  acid  solution  and  run  in  60  cc.  of 
the  caustic  soda  solution,  evaporating  as  before. 
Collect  the  three  sets  of  crystals  and  dry  them 
on  pads  of  blotting  paper. 

Now  compare  their  appearance  and  their 
reactions  with  litmus. 
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The  first  crystals  are  neutral  or  slightly  acid 
in  reaction,  the  others  alkaline.  Heat  all  three 
with  nitrate  of  soda,  the  first  and  second  set 
free  nitric  acid,  the  third  does  not.  Heat  all 
three  to  redness.  The  first  and  second  give  off 
water,  and  the  third  does  not. 

Make  solutions  of  all  three  after  heating. 

Test  all  the  solutions  with  nitrate  of  silver 
solution.  The  first  and  second  give  white 
precipitates,  the  third  a  yellow  precipitate. 

Add  some  white  of  egg  to  the  solutions.  The 
first  clots  it  on  the  addition  of  a  small  quantity 
of  free  acid,  the  second  and  third  do  not. 

We  have  been  able  to  make  in  this  way 
from  phosphoric  acid  three  salts  which  have 
different  properties,  and  different  reactions  when 
heated,  so  that  they  are  different.  The 
difference  as  suggested  by  the  mode  of  making 
them  is  in  the  amount  of  sodium  replacing 
hydrogen  in  the  molecule  of  the  acid  ;  thus  one, 
two,  or  three  atoms  of  hydrogen  in  the  molecule 
may  be  replaced  by  a  metal,  producing  different 
salts,  and  the  acid  is  called  tribasic. 
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The  formulae  of  the  salts  become  on  this 
hypothesis,  NaH2P04,  Na2HP04,  and  Na3P04, 
and  they  are  called  dihydrogen  sodium 
phosphate,  hydrogen  disodium  phosphate, 
and  normal  or  trisodium  phosphate  respec- 
tively. 

The  disodium  hydrogen  phosphate  is  the 
commonest  soluble  salt  of  phosphoric  acid,  and 
is  the  ordinary  phosphate  of  soda  of  the 
chemist.  It  is  made  by  adding  sodium  carbonate 
to  phosphoric  acid  till  alkaline  and  evaporating 
the  solution  till  it  crystallizes.  It  forms  well 
developed  crystals  containing  water,  which  is 
given  off  when  they  are  heated  or  allowed  to 
stand  in  the  air. 

If  instead  of  using  soda  solution  we  weigh 
out  1*2,  24  and  3'6  gm.  of  slaked  lime, 
and  evaporate  these  weighed  quantities  with 
20  cc.  of  phosphoric  acid  solution  in  each 
case,  we  may  prepare  three  very  important 
agricultural  salts,  represented  by  the  formulae 
CaH4(P04)2,  Ca2H2(P04)2,  Ga3(P04)..  These 
are  known  by  the  names  monocalcium  hydrogen 
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phosphate,  dicalcium  hydrogen  phosphate,  and 
tricalcium  phosphate  respectively,  or  more 
commonly  as  acid  or  superphosphate  of  Kme, 
reverted  phosphate,  and  bone  phosphate,  or 
ordinary  phosphate  of  lime. 

The  superphosphate  of  lime  is  soluble  in  water 
and  turns  litmus  red,  it  is  consequently  acid 
or  sour  and  requires  much  lime  to  neutralize 
it.  Heat  a  small  quantity  with  sodium  nitrate, 
nitmc  acid  is  given  off,  showing  that  super- 
phosphate sets  free  nitric  acid  from  sodium 
nitrate,  and  free  nitric  acid  is  powerful 
plant  poison.  This  accounts  for  the  warning 
against  using  superphosphate  and  nitrate 
together. 

The  dicalcium  or  reverted  phosphate  is  much 
less  soluble  in  water  than  the  superphosphate, 
but  it  dissolves  to  some  extent.  It  is  also 
much  more  quickly  dissolved  by  the  action  of 
acids  than  the  tricalcium  phosphate.  This 
latter  phosphate  is  present  in  bones,  coprolites, 
phosphatic  rocks,  and  the  animal  residue  guano, 
and  will  be  fully  discussed  in  the  second  volume. 

VOL.  L  K 
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It  is  almost  insoluble  in  water,  since  one 
gallon  will  only  dissolve  about  1  grain,  i.e. 
one  in  70,000,  while  it  will  dissolve  3  grains 
of  the  dicalcic  phosphate. 

In  making  superphosphate  of  lime  it  is  not 
usual  to  make  the  phosphoric  acid  first,  but 
sulphuric  acid  sufficient  to  combine  with 
two -thirds  of  its  lime  is  mixed  with  the  ground 
raw  phosphate.  The  action  results  in  the 
formation  of  gypsum  (calcium  sulphate),  and 
calcium  superphosphate  and  the  gypsum  formed 
is  able  to  combine  with  water,  thus  setting  or 
drying  the  superphosphate. 

If  bone  ash  is  boiled  with  lime  and  water  for 
some  time  a  white  powder  is  formed  which  is 
not  very  soluble  in  water.  It  is  alkaline  in 
reaction  to  litmus,  and  is  found  to  contain  more 
lime  and  less  phosphoric  acid  than  the  original 
bones  taken.  The  composition  may  be  repre- 
sented by  Ca4P209,  or  Ca3(P04)2CaO,  or  better, 
by  Ca4(P04),(OH)2,  and  it  is  called  basic  calcium 
phosphate.  It  is  made  largely  under  the  name 
of  basic  phosphate  or  basic  slag,  and  on  account 
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of  its  alkaline  nature  is  used  in  cases  where 
acidity  in  a  manure  is  a  disadvantage. 

Other  phosphates  of  the  common  soil  bases, 
e.g.  iron  and  aluminium  phosphates,  are 
insoluble  in  water,  and  superphosphate  used  as 
a  manure  gradually  becomes  converted  into 
insoluble  or  slowly  soluble  forms. 


CHAPTEE  XIII. 


'salts. 

We  have  now  examined  compounds  of  metals, 
and  of  elements  which  are  not  metals,  generally- 
called  non-metals,  and  we  have  come  to  the 
conclusion  that  metals  give  rise  to  oxides  which 
are  basic  in  character,  i.e.  which  in  combination 
with  water  form  hydroxides,  the  bases. 

We  have  seen  that  the  non-metals  combine 
with  oxygen  to  form  oxides  which  are  acidic  in 
character,  i.e.  dissolve  in  water  to  form  acids, 
and  that  these  same  non-metallic  elements  may 
combine  with  hydrogen  to  form  acids,  or  even? 
as  in  the  case  of  ammonia,  substances  with 
basic  properties. 

When  now,  an  acid  combines  with  a  base  in 
such  a  way  that  it  forms  both  water  and  a 
product  containing  both  the  part  of  the  acid 
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which  was  combined  with  hydrogen  and  the 
part  of  the  base  which  was  combined  with 
oxygen  and  hydrogen,  i.e.  hydroxyl,  then  that 
product  is  called  a  salt. 

We  may  illustrate  it  thus  in  the  form  of  a 
tree — 

Metal  =  0  0  =  Non-metal  =  H 

Basic  oxide  =  H20    H20  =  Acid  oxide 

1  t  1 

Base     =  Acid 


Salt  H20 

This  table  suggests  a  large  number  of  ways  of 
preparing  any  salt  which  we  may  wish  to  make, 
because  it  contains  either  a  base  or  an  acid  we 
wish  to  use  ;  e.g.  if  we  desire  to  use  potash  as 
a  manure  we  can  apply  the  chloride,  nitrate, 
sulphate,  &c,  and  if  we  wish  to  use  nitric  acid 
we  can  apply  potassium  or  sodium  nitrate,  with 
the  certainty  of  having  what  we  require. 

The  methods  of  making  salts  suggested  by 
the  table  are  :  (1)  By  the  action  of  an  acid  on 
a  base,  basic  oxide  or  metal ;  (2)  By  the  action 
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of  an  acid  oxide  on  a  base  or  basic  oxide  ; 
(3)  By  the  action  of  a  non-metallic  element  on  a 
base,  basic  oxide  or  metal ;  (4)  By  the  action  of 
a  base,  basic  oxide  or  metal  on  the  salt  of 
another  acid,  or  by  the  action  of  an  acid,  acid 
oxide  or  non-metallic  element  on  the  salt  of 
another  base  ;  and  (5)  By  the  action  of  one  salt 
on  another,  when  the  bases  and  acids  some- 
times change  partners,  resulting  in  the  forma- 
tion of  two  new  salts. 

Among  examples  of  the  above  methods  may 
be  taken — 

soda  salts.  Sodium  carbonate,  known  as  washing  soda, 
is  a  salt  of  the  base  soda  which  is  ob- 
tained from  rock  salt  or  brine.  The  rock 
salt  is  mixed  with  sulphuric  acid,  when 
hydrochloric  acid  gas  is  given  off,  the  sulphuric 
acid  takes  its  place,  forming  sodium  sulphate. 
The  sodium  sulphate  is  mixed  with  carbon  and 
heated,  it  is  reduced,  as  we  have  already  seen, 
to  sodium  sulphide.  Chalk  is  heated  with  the 
mixture  while .  the  reduction  is  going  on,  and 
when  the  mass  is  cooled  it  is  boiled  with  water, 
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the  carbonate  and  sulphide  change  partners  and 
sodium  carbonate  dissolves,  leaving  calcium 
sulphide.  The  solution  is  evaporated  to 
crystallization,  and  the  carbonate  is  collected. 
Sodium  carbonate  contains  62*9  per  cent,  of 
water,  which  it  gives  up  on  being  heated.  It  is 
alkaline  in  reaction,  and  precipitates  calcium 
carbonate  from  hard  water  by  converting 
all  the  lime  salts  into  the  insoluble  carbon- 
ate :  it  thus  softens  water.  Its  solution 
acts  upon  solutions  of  most  other  bases, 
precipitating  their  carbonates.  It  is  easily 
decomposed  by  almost  all  acids,  and  so  may  be 
used  to  give  carbon  dioxide. 

Make  a  saturated  solution  of  carbonate  of 
soda  and  pass  carbon  dioxide  through  it : 
crystals  are  precipitated.  Filter  them  off  and 
dry  them  on  blotting  paper  without  warming. 

Heat  some  of  the  crystals  in  a  test  tube,  the 
sides  of  the  tube  become  wet  and  the  tube 
becomes  filled  with  a  gas  which  puts  out  a  taper 
and  turns  lime  water  milky — carbon  dioxide. 

The  solid  left  in  the  tube  is  the  carbonate  of 
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soda  with  which  we  started.  Add  some  caustic 
soda  to  a  solution  of  some  more  of  the  crystals, 
and  crystallize  again  ;  the  solid  in  this  case 
is  only  sodium  carbonate,  and  gives  off  no  carbon 
dioxide  on  heating.  A  salt  which  acts  in  this 
way  contains  replaceable  hydrogen,  or  is  an  acid 
salt ;  this  is  the  acid  carbonate,  or  bicarbonate 
of  soda — NaHC03.  The  carbon  dioxide  is  so 
easily  given  off  by  this  salt  on  warming,  that  it 
is  used  to  make  the  carbon  dioxide  required  to 
lighten  pastry,  though  the  carbonate  of  soda  left 
gives  a  flavour  of  soda,  and  of  course  contains 
half  the  carbon  dioxide  of  the  original  salt. 
To  avoid  this  flavour,  and  at  the  same  time  make 
use  of  all  the  carbon  dioxide  in  the  salt,  it  is 
more  generally  used  with  some  acid  or  sour 
substance  which,  by  neutralizing  the  soda, 
removes  its  characteristic  taste,  e.g.  tartaric 
acid  in  baking  powder,  sour  milk. 

Sodium  bicarbonate  is  made  on  a  large  scale 
direct  from  brine  by  a  reaction  between  ammo- 
nium bicarbonate  and  sodium  chloride  in 
saturated  solution  under  pressure.    This,  the 
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Solvay  process,  results  in  the  precipitation  of 
sodium  bicarbonate,  leaving  ammonium  chloride 
in  solution. 

Another  pair  of  sodium  salts  much  used  for 
the  sake  of  their  action  in  preserving  bodies 
from  souring  are  the  sulphites.  Take  some 
sodium  carbonate,  pass  sulphur  dioxide  (prepared 
by  the  action  of  copper  on  hot  sulphuric  acid) 
over  it.  A  white  solid  is  obtained  which  gives 
off  sulphur  dioxide  by  the  action  of  hydro- 
chloric or  sulphuric  acids  ;  it  is  sodium  sul- 
phite Na2S03.  Take  some  sodium  sulphite  or 
caustic  soda  in  solution,  and  pass  into  it  sulphur 
dioxide  gas  till  it  is  saturated.  The  solution 
gives  off  sulphur  dioxide  on  boiling,  and  contains 
the  acid  sulphite,  or  bisulphite  of  soda,  NaHS03. 

Among  the  characteristic  potash  salts  may  be  Tut  a  nh  mlts. 
noted  the  nitrate,  saltpetre,  or  nitre,  KN03. 
Potassium  nitrate  is  prepared  by  boiling  nitrate 
of  lime  with  potassium  carbonate,  by  neu- 
tralizing potash  or  its  carbonate  with  nitric 
acid,  or  commercially,  by  boiling  together  potas- 
sium chloride  and  sodium  nitrate  in  saturated 
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solution,  when  sodium  chloride  crystallizes  from 
the  hot  liquor,  while  potassium  nitrate  separates 
out  on  cooling. 

Nitrate  of  lime  is  formed  by  the  oxidizing 
action  of  small  organisms,  the  nitrifying  bacteria 
in  warm,  damp  soil  containing  plenty  of  lime. 
These  bacteria  live  and  gradually  oxidize 
ammonia  to  calcium  nitrite  in  the  course  of 
their  existence.  Another  kind  of  bacteria  then 
oxidize  the  calcium  nitrite  to  nitrate.  In  India 
and  other  hot  countries  this  formation  of 
calcium  nitrate  is  continuous,  but  in  England 
it  only  takes  place  to  any  large  extent  during 
the  warm  months  of  the  year.  It  may  also  be 
encouraged  by  the  warmth  produced  by  fermen- 
tation in  compost  heaps.  When  the  surface 
soil  or  the  compost  is  soaked  in  water,  the 
calcium  nitrate  dissolves  out,  and  when  this 
salt  is  boiled  with  potassium  carbonate  we 
obtain  potassium  nitrate  and  insoluble  calcium 
carbonate. 

Saltpetre  was  used  very  largely  in  the  pre- 
paration of  nitric  acid  until  the  discovery  of  the 
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Chilian  sodium  nitrate  beds.  It  contains  47*5 
per  cent,  of  oxygen,  which  it  is  able  to  give  up  for 
something  in  exchange,  and  it  is  largely  used 
for  supplying  oxygen  when  it  is  required  in  a 
small  space,  e.g.  in  explosives.  We  have 
already  seen  how  it  burns  sulphur  to  sulphuric 
acid  when  they  are  mixed  and  dropped  on  a 
red-hot  tile. 

Take  a  test  tube,  put  some  crystals  of  salt- 
petre in  it,  and  melt  them.  Take  a  piece  of 
charcoal  just  small  enough  to  fall  inside  the 
tube,  and  light  one  end  of  it :  drop  the  charcoal, 
lighted  end  down,  upon  the  melted  salt.  The 
charcoal  immediately  glows  and  burns  where 
it  touches  the  nitrate  until  it  is  consumed. 
The  potassium  receives  carbon  dioxide  in 
exchange  for  the  nitrogen  and  oxygen. 

Now  mix  powdered  nitre  with  one-sixth  of  its 
weight  of  carbon  and  one- sixth  of  its  weight  of 
sulphur.  Put  the  mixture  on  a  plate  and 
light  it.  It  burns  quickly.  Put  some  more 
in  a  paper  squib  case,  ramming  it  down  hard, 
and  light  the  open  end.    Fill  a  jar  with  water 
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in  a  basin  and  invert  it.  Light  the  squib  and 
put  the  lighted  end  under  water  and  under  the 
jar.  The  squib  burns  just  as  well  as  in  the 
air,  since  oxygen  is  supplied  by  the  nitre,  and 
a  large  volume  of  gas  consisting  chiefly  of  carbon 
dioxide  and  nitrogen  fills  the  jar. 

The  gas  given  off  occupies  so  much  more  space 
than  the  unburned  mixture  that  it  can  be  used 
to  produce  a  very  high  pressure  in  a  very  small 
space,  e.g.  in  the  barrel  of  a  gun ;  and  if  the 
mixture  is  moistened,  finely  ground,  and  then 
dried  again,  it  burns  almost  instantaneously,  and 
is  used  in  the  form  of  gunpowder. 

Nitrate  of  potash  is  useful  in  horticulture, 
both  for  the  nitric  acid  and  the  potash  which 
it  contains. 

In  most  cases  of  the  preparation  of  salts  we  get 
the  salt  we  expect,  but  in  the  third  mode  of  pre- 
paration,  i.e.  by  the  action  of  a  non-metal  on  a 
base, basic  oxide  or  metal,  we  are  apt  to  find  addi- 
tional and  unexpected  salts,  which  are  different 
according  as  we  use  the  base,  basic  oxide  or  metal. 

In  the  case  of  the  metal  there  can  be  nothing 
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but  simple  combination  with  formation  of  the 
compound  of  the  two  elements,  e.g.  potassium 
and  chlorine  form  potassium  chloride ;  mercury 
and  chlorine  form  mercuric  chloride. 

But  if  we  pass  chlorine  over  the  oxides  or 
hydroxides  of  the  metals  we  find  that  no  oxygen 
is  given  off,  but  that  compounds  are  formed  of 
chlorine,  oxygen  and  the  metal.  Some  of  these 
compounds  are  very  important. 

Take  some  caustic  potash  solution,  boil  it, 
and  pass  chlorine  through  it  while  hot.  When 
the  solution  smells  strongly  of  chlorine,  evapo- 
rate it  till  it  begins  to  crystallize  and  allow  it 
to  cool.  Filter  off  the  crystals  which  separate 
out,  and  evaporate  the  residue  to  dryness.  The 
residue  gives  off  hydrochloric  acid  gas  with 
concentrated  sulphuric  acid,  and  is  nearly 
pure  potassium  chloride,  KC1.  Take  a  small 
quantity  of  the  less  soluble  crystals  and  put  them 
in  a  test  tube,  drop  one  drop  of  concentrated 
sulphuric  acid  upon  them  ;  an  orange-yellow 
gas  is  given  off  which  when  warmed  explodes 
forming  a  mixture  of  chlorine  and  oxygen. 
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It  is  an  oxide  of  chlorine,  chlorine  peroxide, 
C102,  so  that  the  salt  cannot  be  a  simple 
chloride.  Heat  the  dry  salt,  it  gives  off  oxygen. 
When  no  more  oxygen  is  given  off,  cool  the 
solid  and  test  it  with  concentrated  sulphuric 
acid,  only  hydrochloric  acid  is  now  given  off, 
showing  that  only  potassium  chloride  is 
left. 

Heat  a  weighed  quantity  of  the  salt  in  a 
crucible  till  all  the  oxygen  is  given  off,  and 
weigh  it  when  cool.  The  loss  of  weight  is  39*2 
per  cent.,  showing  that  the  salt  maybe  represented 
by  KCIO3.  It  is  called  potassium  chlorate. 
Potassium  chlorate  is  used  in  medicine,  but 
its  principal  value  lies  in  the  oxygen  which  it 
contains  and  which  it  gives  off  on  heating. 

Mix  some  potassium  chlorate  with  a  little 
sulphur,  put  a  small  quantity  of  the  mixture 
on  an  anvil,  and  strike  it  with  a  hammer ; 
it  explodes.  This  mixture,  or  rather  the 
mixture  of  potassium  chlorate  with  a  sulphide, 
sulphide  of  antimony,  is  used  for  making  the 
caps  for  toy  pistols.    The  mixture  is  readily 
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set  on  fire  by  phosphorus,  and  is  used  for 
tipping  the  heads  of  lucifer  matches. 

The  explosive  gas  chlorine  peroxide  readily 
oxidizes  and  burns  organic  matter.  Mix  some 
potassium  chlorate  with  an  equal  weight  of 
powdered  sugar,  and  let  a  drop  of  sulphuric 
acid  fall  on  the  mixture.  The  chlorine  peroxide 
gas  set  free  immediately  attacks  the  sugar,  and 
the  mass  burns  fiercely.  This  reaction  was 
used  for  a  short  time  as  a  means  of  obtaining 
fire ;  it  is  now  used  for  firing  bombs  and 
explosive  shells  by  the  slow  diffusion  of  sul- 
phuric acid  to  the  mixture  through  a  partition, 
or  by  the  breaking  of  a  glass  tube  separating 
the  two.  Chlorine  peroxide  is  such  a  powerful 
oxidizing  agent  that  it  can  even  set  phosphorus 
on  fire  under  the  water. 

Some  interesting  salts  are  met  with  in  the  Ammonia 

salts. 

case  of  ammonia. 

When  ammonia  gas  is  passed  into  an  acid 
the  two  substances  combine,  while  no  water  is 
split  off.  Thus  ammonia  combines  with  hydro- 
chloric acid,  nitric  acid  and  sulphuric  acid  to 
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form  a  chloride,  nitrate  and  sulphate  respec- 
tively, represented  by  the  formulae  NH3,HC1 
or  NH401,  NH3,HN03  or  NH4N03,  and  2NH3, 
H2S04,  or  (NH4)2S04. 

Now  these  salts  have  properties  which  are 
very  similar  to  those  of  the  chlorides,  nitrates 
and  sulphates  of  soda  and  potash,  so  that  we 
try  to  bring  out  this  resemblance  and  to  explain 
it  by  using  the  formula}  (NH4)C1,  (NH4)N03, 
and  (NH4)2SO  4,  in  which  the  group  of  atoms 
of  nitrogen  and  hydrogen,  NET,,  fills  exactly  the 
same  part  as  the  single  atom  of  potassium,  K, 
does  in  potassium  chloride,  KC1,  potassium 
nitrate,  KN03,  and  potassium  sulphate,  K2S04. 
Such  a  group  of  atoms  which  is  capable  of 
playing  the  part  of  a  single  atom  is  generally 
called  a  compound  radicle,  and  the  group  (NHt) 
is  called  the  ammonium  group.  The  resem- 
blance is  still  more  marked  when  we  note  that 
the  solution  of  ammonia  in  water  acts  generally 
like  a  solution  of  caustic  potash,  KOH,  in 
water,  e.g.  upon  solutions  of  salts  of  iron,  and 
in  the  formation  of  salts,  so  that  we  may  suppose 
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that  it  contains  the  hydroxide  of  ammonium 
(NH4)OH. 

Ammonium  sulphate,  (NH4)2S04,  is  pre- 
pared by  neutralizing  gas  liquor  with  sulphuric 
acid,  and  evaporating  down  the  solution  to 
crystallizing  point.  It  is  used  as  a  source  of 
ammonia,  and  also  to  supply  nitrogen  to  plants, 
since  it  is  very  easily  oxidized  or  nitrified  by 
the  action  of  the  bacteria  of  nitrification.  We 
have  seen  that  lime  easily  acts  on  ammonium 
sulphate,  setting  free  ammonia  and  forming 
calcium  sulphate,  hence  it  becomes  important 
to  avoid  mixing  quicklime  with  any  manure 
containing  ammonia. 

Pass  some  ammonia  gas  into  hydrochloric 
acid  solution,  they  combine  and  form  crystals 
of  solid  ammonium  chloride,  which  may  also  be 
prepared,  as  in  the  last  method  of  preparing 
salts,  by  heating  together  ammonium  sulphate 
and  common  salt. 

The  chloride  prepared  in  this  way  is  trans- 
parent, white  and  stringy,  and  is  generally  called 
sal  ammoniac.    The  presence  of  hydrochloric 
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acid  in  the  salt  may  be  proved  by  the  action  of 
silver  nitrate  solution,  which  forms  a  precipitate, 
soluble  in  ammonia,  and  insoluble  in  nitric  acid. 

Pass  ammonia  and  carbon  dioxide  gases 
into  a  loosely  corked  jar  containing  a  small 
quantity  of  water.  In  a  short  time  this  solidi- 
fies from  the  formation  of  a  white  solid,  a 
compound  of  ammonia  and  carbonic  acid. 
It  is  called  ammonium  carbonate,  and  con- 
tains about  20*5  per  cent,  of  nitrogen.  The 
solid  smells  strongly  of  ammonia,  and  turns 
very  readily  into  vapour  when  heated,  without 
liquefying :  this  process  is  called  sublimation  ; 
the  solid  is  called  sal  volatile. 

It  is  prepared  by  the  last  general  method  by 
heating  a  mixture  of  chalk  and  ammonium 
sulphate  in  vessels  closed  by  clay. 

Dissolve  some  ammonium  carbonate  in  water 
and  evaporate  the  solution,  less  solid  ammonium 
carbonate  is  left  than  was  dissolved.  Now  in 
the  fermentation  of  organic  matter  ammonium 
carbonate  is  formed,  and  it  passes  away  into  the 
air  with  water  vapour,  thus  causing  a  great 
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loss  of  nitrogen.  This  loss  may  be  avoided  by 
preventing  evaporation,  and  by  the  action  of  the 
ammonium  carbonate  solution  on  salts  of  a  less 
volatile  acid,  e.g.  sulphates  or  phosphates,  so 
that  calcium  sulphate  or  calcium  phosphate 
prevent  to  some  extent  the  loss  of  ammonia 
from  fermenting  manure  heaps,  by  forming 
ammonium  sulphate  or  phosphate,  and  calcium 
carbonate,  none  of  which  are  volatile  in 
steam. 

Among  important   salts  of  lime  we   may  Lime  salts, 
examine  the  sulphate,  sulphide,  and  chloride,  in 
addition  to  the  phosphate  at  which  we  have 
already  worked. 

Sulphate  of  lime  is  found  in  various  forms, 
in  crystals  as  selenite  in  different  clays,  and  as 
gypsum  in  large  masses.  It  is  slightly  soluble 
in  water,  1  in  400,  but  as  it  is  more  soluble  than 
slaked  lime,  it  is  not  precipitated  by  the  action 
of  sulphuric  acid  on  lime  water,  though  it  is 
formed  by  the  action  of  dilute  sulphuric  acid  on 
lime.  It  is,  however,  precipitated  in  the  solid 
state  by  the  action  of  sulphuric  acid  on  a 
L  2 
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stronger  solution  of  any  more  soluble  salt  of 
calcium,  e.g.  calcium  chloride. 

As  found,  gypsum  has  generally  crystallized 
with  two  molecules  of  water  of  crystallization, 
CaS04,2H20.  When  the  crystals  of  gypsum  are 
heated,  water  is  given  off  and  a  white  powder  is 
left.  This  powder  takes  up  the  two  molecules 
of  water  when  moistened,  and  again  becomes 
solid  gypsum.  In  taking  up  the  water  it 
expands  so  that  the  solid  block  of  gypsum 
formed  takes  the  shape  of  any  hole  in  which  it 
may  be,  and  forms  a  cast  of  the  cavity.  The 
calcium  sulphate  powder,  without  water,  or 
anhydrous,  is  called  plaster  of  Paris. 

Calcium  sulphate  is  found  in  most  spring  or 
hard  waters,  and  as  its  solubility  does  not  depend 
on  the  presence  of  carbon  dioxide,  it  is  not  pre- 
cipitated by  boiling.  Such  hardness  is  called 
permanent,  but  since  calcium  carbonate  is  less 
soluble  than  calcium  sulphate,  the  gypsum  may 
be  precipitated  by  washing  soda. 

Calcium  sulphate  is  an  essential  plant  food 
owing  to  the  sulphuric  acid  which  it  can  give 
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up ;  it  is  especially  useful  to  yeast,  so  that 
water  containing  calcium  sulphate,  e.g.  that 
of  Burton-on-Trent,  is  particularly  suited  for 
brewing. 

We  have  already  seen  that  heating  calcium 
sulphate  with  carbon  results  in  the  formation 
of  calcium  sulphide. 

Heat  some  slaked  lime  with  sulphur  and 
water,  some  of  it  dissolves,  forming  calcium 
sulphide.  This  is  shown  by  the  fact  that  dilute 
sulphuric  acid  liberates  sulphuretted  hydrogen. 

Mix  some  quicklime  with  half  its  weight  of 
sulphur  and  heat  the  mixture,  again  combi- 
nation takes  place,  and  we  find  that  calcium 
sulphide  is  formed,  as  shown  by  the  same  test. 

Dissolve  some  of  the  sulphide  in  water,  it  has 
the  properties  of  a  sulphide  and  precipitates 
coloured  sulphides  of  other  metals  from 
solutions  of  their  salts.  Calcium  sulphide 
prepared  by  the  reduction  of  gypsum  with 
carbon,  has  the  peculiar  property  of  glowing  a 
long  time  after  being  exposed  to  light :  it  is 
used  to  make  luminous  paint. 
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Calcium  sulphide  solution  is  very  poisonous  to 
animal  life,  and  when  concentrated,  to  vegetable 
life  too.  Slaked  lime  through  which  coal  gas 
has  been  passed  to  be  purified,  called  gas  lime, 
contains  a  large  quantity  of  calcium  sulphide, 
and  is  hence  used  to  destroy  insect  pests  and 
weeds. 

Calcium  sulphide  is  gradually  oxidized  again 
by  the  action  of  the  air  to  calcium  sulphate. 

Dissolve  some  lime  in  hydrochloric  acid  and 
evaporate  to  dryness,  a  white  salt  is  formed 
which  melts  when  heated,  giving  off  a  small 
quantity  of  hydrochloric  acid. 

The  solid  gives  off  hydrochloric  acid  when 
heated  with  sulphuric  acid,  and  also  forms  slaked 
lime  by  the  action  of  caustic  potash,  strong 
solutions  becoming  nearly  solid  when  mixed. 
It  is  calcium  chloride,  CaCl2, 6H20.  On 
being  heated  it  gives  off  water  and  melts, 
solidifying  again  when  cool.  The  solid  and  the 
crystals  become  moist  when  exposed  to  moist 
air,  and  the  anhydrous  solid  takes  up  water 
from  many  other  solids,  liquids  and  gases,  so 
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much  so,  in  fact,  that  it  is  used  for  drying  those 
gases  with  which  it  will  not  combine. 

Pass  some  chlorine  gas  through  a  tube  loosely 
packed  with  slaked  lime  so  slowly  that  it  does 
not  get  hot.  The  chlorine  is  absorbed  for  some 
time,  but  very  little  change  can  be  seen  in  the 
powder.  Take  this  powder,  notice  its  faint 
smell  of  chlorine,  and  test  it  with  sulphuric  acid  ; 
it  gives  off  a  gas  which  smells  something 
like  chlorine,  and  not  like  hydrochloric 
acid.  Put  some  of  the  powder  into  litmus 
solution  and  add  a  drop  of  acid,  the  solution 
loses  its  colour.  Put  a  piece  of  coloured 
calico  (Turkey  red  answers  well)  into  a  basin 
of  water  with  a  little  of  the  powder,  and  add  a 
few  drops  of  acid,  again  the  colour  is  bleached, 
hence  it  is  called  bleaching  powder.  Pour  a  few 
drops  of  hydrochloric  acid  upon  some  of  the 
powder,  the  smell  of  chlorine  is  noticed  at 
once.  Try  these  experiments  with  calcium 
chloride,  and  you  do  not  notice  the  same  results, 
hence,  as  in  the  case  of  caustic  potash,  the 
action  of  chlorine  on  a  base  is  different  from 
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its  action  on  a  metal.  What  has  been  formed  ? 
Mix; some  bleaching  powder  with  a  little  solu- 
tion of  cobalt  nitrate,  and  warm;  test  the  bubbles 
of  gas  given  off  with  a  glowing  splint.  It  is 
oxygen  ;  test  the  residue  again,  it  -resembles 
calcium  chloride.  Boil  the  solution  of  the 
poAvder,  and  it  gradually  loses  its  properties  and 
resembles  potassium  chlorate.  The  composition 
of  the  powder  is  most  easily  shown  by  the 
formula  Ca^1^:  it  contains  less  oxygen  than 
the  chlorate. 

Bleaching  powder  is  a  powerful  oxidizing 
agent  and  is  poisonous  to  low  forms  of  life. 
It  is  hence  largely  used  as  a  disinfectant,  under 
the  name  of  chloride  of  lime. 
iron  sait$  We  have  already  seen  that  iron  rust 
dissolves  in  hydrochloric  acid  to  form  a 
deep  rusty  red  solution,  which  when  acted 
upon  by  caustic  potash  forms  a  rusty  red 
precipitate  of  ferric  hydroxide  Fe(OH)3.  We 
have  also  seen  that  when  iron  is  dissolved 
in  hydrochloric  acid  the  solution  is  colourless, 
and  that  when  this  is  acted  on  by  caustic 
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potash  the  precipitate  is  not  red  but  white, 
changing  to  green,  consisting  of  ferrous 
hydroxide  Fe(OH)2. 

Take  some  of  the  solution  of  rust  in 
hydrochloric  acid,  and  heat  it  with  some  iron 
filings ;  it  loses  its  colour  and  in  a  short  time 
gives  the  white  precipitate  with  caustic  potash 
instead  of  the  red. 

Again,  take  a  solution  of  iron  in  hydrochloric 
acid  and  pass  chlorine  into  it,  it  turns  red, 
and  gives  the  red  precipitate  with  caustic 
potash. 

Hence  we  pass  from  the  green  solution  to 
the  red  by  the  addition  of  chlorine,  and 
from  red  to  green  by  the  addition  of  iron, 
which  comes  to  the  same  thing  as  the 
subtraction  of  chlorine.  Since  these  solutions 
give  precipitates  of  the  two  hydroxides,  and  the 
red  contains  more  oxygen  than  the  green, 
the  addition  of  chlorine  is  called  an  oxidizing 
action,  or  oxidation,  and  the  subtraction  of 
chlorine  is  called  a  reducing  action,  or  a 
reduction. 
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When  we  evaporate  the  red  solution  we 
get  a  brown  mass  which  loses  water  and 
hydrochloric  acid  when  heated,  but  which 
contains  about  50  per  cent,  of  chlorine.  Take 
a  glass  tube  about  12  inches  long  and  of  \ 
inch  bore,  put  a  bundle  of  iron  wire  in  it, 
pass  chlorine  through  while  warming  it.  In  a 
few  moments  brown  fumes  are  seen  condensing 
to  a  nearly  black  glistening  solid,  which 
dissolves  in  water,  forming  a  red  solution  with 
the  same  properties  as  the  above  solution. 
This  solid  is  found  to  contain  exactly  65*8 
per  cent,  of  chlorine,  and  has  the  formula 
FeCl3.  It  is  a  chloride  of  iron,  ferric 
chloride,  and  corresponds  with  the  hydroxide 
Fe(OH)3. 

The  percentage  of  chlorine  in  most 
compounds  is  determined  by  converting  it 
into  silver  chloride,  which  is  done  by 
precipitation  with  silver  nitrate  solution.  The 
silver  chloride  may  either  be  weighed,  or 
calculated  from  the  amount  of  silver  solution 
required  to  precipitate  all  the  chlorine  in  any 


Salts 


155 


volume  of  the  given  solution.  The  process  is 
more  carefully  described  later,  p.  190. 

Weigh  out  17  gm.  of  silver  nitrate  and 
dissolve  it  in  1000  cc.  of  distilled  water.  Now 
silver  chloride  contains  35*5  gm.  of  chlorine 
combined  with  108  gm.  of  silver,  while  170  gm. 
of  silver  nitrate  contain  108  gm.  of  silver. 
Hence  170  gm.  of  silver  nitrate  precipitate 
35*5  gm.  of  chlorine,  or  17  gm.  of  silver  nitrate 
precipitate  3*55  gm.  of  chlorine.  That  is,  the 
silver  in  1000  cc.  of  above  solution  will 
precipitate  3*55  gm.  of  chlorine  in  solution,  or 
that  in  one  cc.  will  precipitate  0*00355  gm. 
of  chlorine. 

The  analysis  is '  done  with  a  solution  of  a 
weighed  quantity  of  the  ferric  chloride 
dissolved  in,  say,  100  cc.  of  water,  so  that 
10  cc.  must  contain  one-tenth  of  the  weight  of 
salt  taken.  The  silver  nitrate  solution  is  run 
in  from  a  burette  till  a  drop  gives  no  further 
cloudiness,  and  the  number  of  cc.  taken  gives 
the  amount  of  chlorine  by  multiplication. 

The  green  crystals  obtained  by  dissolving 
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iron  in  hydrochloric  acid  give  off  water  when 
heated  and  are  found  to  contain  35*5  gm.  of 
chlorine  for  each  28  gm.  of  iron.  Hence  their 
simplest  formula  is  FeCl2,  and  their  molecular 
weight  at  high  temperatures  agrees  with  this 
formula.  The  salt  evidently  corresponds  with 
ferrous  hydroxide,  Fe(OH)2,  and  is  called 
ferrous  chloride.  These  chlorides  of  iron  are 
sometimes  called  the  proto  and  per- chlorides  of 
iron,  corresponding  with  ferrous  and  ferric 
respectively,  but  these  names  are  not  often 
used  now. 

Add  to  both  the  ferrous  and  the  ferric 
solutions,  (1)  potassium  ferrocyanide  solution, 
(2)  potassium  ferricyanide  solution,  (3)  potas- 
sium sulphocyanide  solution.  The  ferrocyanide 
gives  a  light  blue  precipitate  with  the  ferrous 
salt,  a  dark  blue,  prussian  blue,  with  the  ferric ; 
the  ferricyanide  gives  a  dark  prussian  blue  pre- 
cipitate with  the  ferrous,  but  no  precipitate  with 
the  ferric,  the  solution,  however,  turning  a 
reddish-brown  ;  the  sulphocyanide  gives  a  deep 
blood-red  colour  with  the  ferric  salt,  but  no 
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colour  with  a  pure  ferrous  salt.  [There  is 
generally  enough  ferric  salt  present  to  turn  the 
solution  pink.] 

These  reactions  are  very  characteristic,  and 
are  generally  used  as  tests  for  iron,  also  to 
distinguish  between  ferrous  and  ferric  iron. 

Mix  some  ferric  chloride  solution  in 
hydrochloric  acid  with  zinc,  and  test  with 
potassium  sulphocyanide.  The  ferric  salt  is 
gradually  and  completely  reduced  to  the 
ferrous  state  as  the  zinc  dissolves. 

Dissolve  some  iron  in  dilute  sulphuric  acid 
and  evaporate  the  solution  till  crystals  form. 
Dry  the  crystals  on  a  pad  of  blotting  paper. 
They  are  light  green  in  colour,  and  when 
dissolved  in  water  give  the  light  green 
precipitate  with  potash,  the  light  blue 
with  ferrocyanide  and  prussian  blue  with 
ferricyanide  of  potassium.  They  are  therefore 
a  ferrous  salt,  and  the  formation  of  a  precipitate 
with  barium  chloride  and  hydrochloric  acid 
shows  that  they  are  ferrous  sulphate.  Ferrous 
sulphate  is  called  green  vitriol,  from  its  green 
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and  glassy  appearance.  It  is  a  poisonous  salt, 
and  acts  on  living  vegetable  matter ;  it  has 
been  used  for  killing  rust  spores  in  wheat 
dressing,  but  is  not  so  good  as  blue  vitriol 
or  sulphate  of  copper,  which  is  often  adulterated 
by  it. 

Make  a  solution  of  ferrous  sulphate  and 
pour  in  some  dilute  sulphuric  acid  and  a  few 
drops  of  nitric  acid.  The  solution  immediately 
turns  dark  brown  or  black,  and  this  reaction  is 
so  characteristic  that  it  is  used  as  a  test  for 
nitric  acid.  Take  some  ferrous  sulphate  solu- 
tion in  a  test  tube  and  pour  into  it  a  very 
few  drops  of  a  solution  of  potassium  nitrate. 
Then  tilt  the  test  tube  and  pour  a  few  drops  of 
concentrated  sulphuric  acid  down  the  side  of 
the  tube  so  that  it  forms  a  layer  at  the  bottom 
of  the  tube.  A  black  ring  is  seen  where  the 
two  liquids  join,  and  this  is  always  formed 
when  nitric  acid  is  present. 

Boil  the  brown  solution.  It  suddenly  clears, 
nitrous  fumes  are  given  off,  and  the  solution 
remains  yellow.     Evaporate  this  solution  to 
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dryness  and  a  yellow  powder  is  left  which 
when  dissolved  in  water  gives  a  deep  blue 
precipitate  with  ferrocyanide  and  a  blood-red 
colour  with  sulphocyanide  of  potassium, 
showing  that  it  is  a  ferric  salt:  the  barium 
chloride  and  hydrochloric  acid  precipitate 
again  shows  that  it  is  ferric  sulphate. 

[The  brown  fumes  given  off  when  ferrous  salts 
are  oxidized  by  nitric  acid  are  found  to  be  caused 
by  contact  with  the  air.  Boil  some  of  the  brown 
solution  in  a  small  flask  fitted  with  cork  and 
delivery  tube,  and  collect  the  gas  given  off  over 
water.  It  is  colourless,  and  makes  brown  fumes 
when  mixed  with  the  air.  The  gas  is  nitric 
oxide,  and  it  can  only  be  prepared  in  an  abso- 
lutely pure  state  from  this  solution  in  a  ferrous 
salt.  Since  one  molecular  weight  of  nitric  acid 
can  and  does  form  one  molecular  weight  of  nitric 
oxide,  and  one  molecular  weight  (  =  30  gm.)  of 
nitric  oxide  at  0°C.  and  760  mm.  pressure  fills 
22*2  litres,  we  can  find  out  the  amount  of  nitric 
acid  in  any  specimen  of  a  nitrate  by  this 
method.] 
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Both  ferrous  chloride  and  sulphate  very 
readily  turn  yellow  on  exposure  to  the  air, 
because  they  absorb  oxygen  and  are  converted 
into  ferric  salts.  Now  the  decay  of  vegetable 
matter,  especially  in  damp  or  waterlogged  soil, 
causes,  as  we  have  seen,  the  formation 
of  iron  sulphide,  a  poisonous  salt,  so  that 
one  of  the  first  effects  of  draining  such  land 
is  to  allow  the  air  to  oxidize  the  poisonous 
ferrous  sulphide  into  ferric  sulphate,  in  which 
state  it  is  beneficial  to  plant  growth.  A 
similar  change  is  very  readily  seen  in  soils 
overlying  blue  clays  or  in  blue  limestone,  where 
the  action  of  the  air  in  presence  of  water 
oxidizes  the  blue-green  ferrous  to  the  yellow- 
brown  ferric  salts. 


CHAPTEE  XIV. 


SILICATES — DIALYSIS. 

We  have  now  investigated  all  the  essential 
constituents  of  the  ash  of  a  plant,  but  we 
have  still  to  consider  the  constituents  of  the 
soil,  before  we  proceed  later  on  to  the  con- 
stituents of  manures. 

Take  a  small  quantity  of  dry  soil  and  heat 
it  in  an  iron  spoon  or,  better,  in  a  nickel  crucible 
over  a  Bunsen  gas  burner.  The  soil  chars 
slightly  and  leaves  generally  a  reddish  residue. 
Mix  this  residue  with  about  five  times  its 
weight  of  sodium  carbonate  mixed  with  about 
half  its  weight  of  potassium  carbonate,  to  make 
it  melt  more  easily.  Heat  the  mixture  for 
about  ten  minutes  in  a  blow-pipe  flame  or  for 
a  longer  time  with  more  potassium  carbonate 

vol.  T.  M 
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over  an  ordinary  flame.  Do  the  same  with  some 
fine  white  sand,  powdered  as  finely  as  possible, 
taking  a  weighed  quantity,  say  about  1  gm., 
before  mixing  with  the  carbonate  in  both 
cases. 

After  fusion  allow  the  solids  to  cool,  and 
then  shake  the  fused  blocks  out  of  their 
crucibles  and  place  them  in  beakers  or 
tumblers  with  some  water.  The  blocks 
gradually  dissolve ;  in  the  case  of  the  soil 
there  is  a  quantity  of  insoluble  solid  which 
contains  the  bases  of  the  soil,  but  there  is  very 
little  residue  in  the  case  of  the  sand. 

Filter  off  the  residues  and  add  hydro- 
chloric acid  carefully  to  each  of  the  beakers, 
a  few  drops  at  a  time,  until  no  more  bubbles 
of  carbon  dioxide  are  given  off.  Each  solu- 
tion is  seen  to  be  full  of  white  gelatinous 
flocks  which  look  the  same  in  both  cases. 

Evaporate  both  solutions  to  dryness,  and 
warm  them  for  a  little  time.  Then  add  a  little 
dilute  hydrochloric  acid,  boil,  filter  and  dry  the 
precipitates.    The  white  gelatinous  flocks  are 
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seen  to  have  become  fine  white  powders 
insoluble  in  hydrochloric  acid  or  any  other 
common  acid,  but  soluble  slowly  in  caustic 
potash  solution  or  by  fusing  with  alkaline 
carbonates. 

Weigh  the  solids  prepared  in  this  way  ;  in 
the  case  of  the  sand  the  solid  weighs  nearly  as 
much  as  the  sand  taken,  while  in  the  case  of 
the  soil  it  is  only  about  half  the  weight  of  the 
soil  taken,  so  that  white  sand  is  very  nearly  a 
pure  substance.  If  pure  rock  crystals  or  quartz 
crystals  are  used,  the  weight  of  the  powder 
obtained  is  equal  to  that  of  the  quartz  taken,  so 
that  quartz  is  the  pure  form  of  a  common  and 
very  large  constituent  of  soil. 

Now  what  is  quartz  ?  Heat  some  quartz ; 
its  weight  is  not  altered.  We  have  found  so 
many  common  bodies  are  oxides,  that  we  now 
try  to  see  whether  quartz  may  be  an  oxide  too. 
Mix  powdered  quartz  or  fine  white  sand  with  an 
equal  weight  of  powdered  magnesium  and  one 
quarter  of  its  weight  of  magnesium  oxide. 
Heap  it  on  an  iron  plate  and  light  the  top  of 
m  2 
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the  heap;,  the  mass  burns.  When  it  is  cool 
collect  the  residue,  put  it  in  a  beaker,  and  pour 
dilute  sulphuric  acid  upon  it.  The  greater 
part  dissolves  but  does  not  give  off  hydrogen, 
showing  that  the  magnesium  must  have  been 
converted  into  its  oxide,  and  there  is  a  reddish 
residue  left  which  is  insoluble  in  boiling  con- 
centrated hydrochloric  acid,  cold  concentrated 
sulphuric  acid,  and  other  solvents. 

This  reddish-brown  residue  looks  like  red 
phosphorus  and  burns  when  heated  red-hot, 
forming  the  same  white  powder  as  that  from 
which  it  was  made. 

The  red  powder  is  an  element,  silicon,  and 
so  quartz,  white  sand,  and  the  white  powder 
obtained  from  soil  are  all  the  same  body,  its 
oxide,  silicon  dioxide  or  silica.  Make  a 
solution  of  the  product  which  was  made  by 
heating  sodium  carbonate  with  white  sand. 
Pour  some  of  the  solution  into  dilute  hydro- 
chloric acid  ;  no  precipitate,  or  only  a  small  one, 
is  seen,  but  filter  if  necessary. 

Take    some    of  the   clear    solution,  add 
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ammonium  carbonate  solution,  and  warm. 
There  is  a  white  precipitate  of  the  same 
gelatinous  flocks  as  we  noticed  when  hydro- 
chloric acid  is  poured  into  the  original  solution, 
so  that  they  must  be  dissolved  in  this  solution. 
Pour  some  of  the  clear  solution  into  a  bag  of 
parchment  paper,  making  sure  first  of  all  that 
there  are  no  holes  in  it.  Now  dip  the  bag  in 
a  basin  of  water  and  allow  it  to  stand  (Fig.  17). 
The  hydrochloric  acid  and  common  salt  which 
are  formed  are  able  to  pass  in  solution  right 
through  the  parchment  paper  into  the  water  in 
the  basin  outside,  as  shown  by  the  formation  of 
a  precipitate  with  silver  nitrate  solution. 
This  process  in  which  a  solid  in  solution  is 
able  to  pass  through  the  pores  of  another  body 
is  called  dialyxix,  and  it  is  due  to  the  motion 
of  the  molecules  of  the  dissolved  substance  in 
solution.  The  dialysis  of  these  molecules  in 
solution  resembles  the  diffusion  of  the  molecules 
of  a  gas  through  a  porous  plate,  and  it  is  of  the 
utmost  importance  to  all  living  beings,  both 
plant  and  animal,  whose  sap  and  blood  respec- 
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lively  are  separated  from  any  article  of  food  by 
one  or  more  membranes. 

Dialysis  is  due  to  the  motion  of  the  mole- 
cules of  the  dissolved  substance,  which  produces 
a  pressure  resembling  the  pressure  of  a  gas,  and 
is  called  the  osmotic  pressure,  so  that  bodies 
in  solution  pass  from  a  place  where  their 
osmotic  pressure  is  high  to  one  where  it  is  low, 
i.e.  they  pass  from  a  strong  solution  to  one 
which  is  weaker,  until  they  both  reach  an  equal 
strength. 

After  the  bag  containing  the  acidified  salt  has 
been  suspended  in  water  for  two  or  three  days, 
during  which  the  water  is  changed  a  few  times, 
it  becomes  free  from  both  hydrochloric  acid  and 
salt,  yet  it  still  gives  the  white  gelatinous  pre- 
cipitate on  warming  with  ammonium  carbonate. 

We  have  seen  that  this  white  gelatinous 
precipitate  becomes  silica  when  heated,  and  we 
find  that  the  solution  contains  a  compound  of 
silica  and  water,  silicic  acid,  Si02,2H20 
or  H4Si04.  Other  compounds  of  silica  and 
water  are  known,  which  may  all  be  most  easily 
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represented  by  the  formula  xSi02,yH20  where 
x  and  y  are  whole  numbers. 

Since  silica,  Si02,  is  made  from  silicic  acid 
by  heating,  it  is  an  acid  oxide ;  it  also  dissolves 
in  solutions  of  the  alkalies  and  combines  with 
bases  in  a  similar  manner  to  carbon  dioxide, 
forming  salts,  the  silicates,  in  which  the  hydrogen 
of  the  acid  may  be  represented  as  being  re- 
placed by  the  metal  of  the  base,  or  more 
conveniently  as  salts  in  which  the  water  of  the 
acid  is  more  or  less  replaced  by  the  base. 
These  silicates  are  often  conveniently  formed 
by  fusing  the  base  with  sand,  though  there  are 
a  very  large  number  of  naturally  occurring 
silicates.  The  formulae  of  these  silicates  may 
thus  represent  them  as  compounds  of  basic  and 
acid  oxides  and  water,  i.e.  xSi02,yM20,zH20, 
where  M  is  a  metal. 

Among  simple  silicates  of  this  kind,  we  have 
.sodium  silicate.  Fuse  some  sand  with 
excess  of  sodium  carbonate  as  above,  and 
dissolve  it  in  water.  Evaporate  the  solution ; 
as  it  gradually  becomes  stronger  it  becomes 
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thicker  until  it  forms  a  treacly  liquid.  When 
the  evaporation  is  continued  further,  a  colour- 
less glassy  solid  (water  glass)  is  left,  which  is 
soluble  in  water,  and  melts  below  a  red  heat. 

Another  characteristic  and  natural  silicate  is 
an  acid  silicate  of  magnesia,  meerschaum.  In 
the  soil  we  find  a  mixture  of  silicates  of  the 
chief  bases,  and  in  addition  we  find  there  other 
silicates  containing  more  than  one  base,  of 
the  type  represented  by  xSi02,yM20,zMO, 
where  M20  is  the  oxide  of  a  metal  like  sodium, 
and  MO  that  of  a  metal  like  calcium,  mag- 
nesium, lead,  &c. 

Many  of  these  salts  have  characteristic 
properties  and  are  of  great  use  to  us.  Thus, 
when  sodium  or  lead  or  potassium  carbonates 
are  heated  with  sand  and  calcium  carbonate, 
the  mixture  melts  at  a  high  temperature  and 
remains  soft  as  it  cools  until  below  a  red  heat. 
When  it  solidifies,  it  remains  transparent  and 
keeps  a  bright  surface,  it  is  glass  ;  the  soda  glass 
is  ordinary  crown  glass,  the  lead  glass  is  flint 
glass,  and  the  potassium  compound,  Bohemian 
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glass,  stands  a  high  temperature  without  melting. 
In  this  case  the  substitution  of  one  base  for 
another  does  not  much  affect  the  properties  of 
the  compound.  When  traces  of  the  calcium, 
however,  are  substituted  by  copper,  cobalt, 
silver,  &c,  we  get  coloured  or  stained  glasses 
which  in  these  three  cases  are  green,  blue,  and 
yellow  respectively. 

When  the  silicate  contains  magnesium 
instead  of  sodium,  &c,  we  get  a  remarkable 
change  from  a  fusible  solid  to  an  infusible  one, 
asbestos,  or  mineral  wool,  instead  of  glass  ;  talc 
and  steatite  are  similar,  and  are  used  on 
account  of  their  resistance  to  heat. 

The  last  and  most  important  class  of  sili- 
cates is  that  found  most  largely  in  soils, 
especially  clay  soils,  in  which  the  silica  is  com- 
bined with  oxide  of  aluminium  or  iron  and 
water,  part  of  which  is  replaced  by  some 
other  oxide,  either  of  the  alkali  metals  or 
of  calcium,  &c.  These  may  be  conveniently 
given  the  formula  xSiO^yMsO^z  £  and  are 
generally  known  as  clays. 
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These  clays  are  formed  from  natural  rock 
silicates  of  the  same  type  found  in  many 
places.  Thus  one  of  the  chief  silicates  in 
granite  is  felspar,  a  silicate  of  potassium  and 
aluminium,  which  may  be  given  the 
formula,  K20,Al203,6Si02.  By  the  action  of 
air  and  carbon  dioxide  solution  much  of  the 
potash  is  removed  and  replaced  by  water,  so 
that  an  infusible  china  clay,  kaolin,  is  left. 
Clays  possess  the  characteristic  property  of 
being  made  plastic  by  means  of  water,  and 
when  they  are  baked  they  keep  any  form 
into  which  they  may  have  been  moulded, 
becoming  pottery,  earthenware,  or  biscuit 
china,  according  to  the  purity  of  the  clay. 
Bricks  are  made  from  a  clay  largely  mixed 
with  sand  and  known  as  brick  earth,  while 
ordinary  clay  soil  when  burnt  becomes  hard 
and  more  porous,  burnt  ballast. 

If  the  base  combined  with  the  alumina  is 
lime,  we  find  that  the  aluminium  calcium 
silicate  when  baked  forms  a  hard  rocky  mass. 
This  when  ground  to  a  very  fine  powder  and 
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moistened  sets  to  a  hard  solid,  like  stone, 
and  it  will  even  set  under  water.  It  is  known 
as  hydraulic  or  Portland  cement. 

Sand  is  largely  used  in  making  mortar,  but  it 
does  not  appear  to  undergo  much  change  by 
the  action  of  the  slaked  lime.  It  principally 
binds  it  together,  by  the  assistance  of  water, 
until  the  carbon  dioxide  of  the  air  has  time  to 
combine  with  the  lime  to  make  chalk. 

Just  as  in  the  case  of  any  other  salts,  one 
base  may  expel  another  from  a  silicate ;  e.g. 
lime  mixed  with  potassium  aluminium  silicate 
will  set  free  some  quantity  of  potash  by  taking 
its  place  in  the  salt.  In  this  way  transforma- 
tions take  place  in  the  soil  which  will  be  further 
described  later. 


CHAPTEE  XV. 


SOME    IMPORTANT  COMPOUNDS. 

There  are  still  a  few  important  compounds  to 
be  considered  before  we  can  pass  on  to  the 
chemistry  of  carbon. 
Zinc  com-        Heat  some  metallic  zinc  strongly  in  the 

pound**  .  . 

air,  it  burns  with  a  greenish  flame  forming 
white  fumes.  These  white  fumes  condense 
to  a  white  solid,  zinc  white.  Zinc  white 
dissolves  in  acids,  without  effervescence 
when  freshly  prepared,  and  neutralizes  them, 
forming  zinc  salts  which  crystallize  out  and 
are  the  same  as  those  formed  by  the  action  of 
zinc  upon  the  acid  used.  The  white  powder 
is  zinc  oxide,  ZnO.  It  is  antiseptic.  It  is 
used  largely  in  making  paint  as  a  substitute  for 
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white  lead ;  it  is  cheaper  than  this  body,  but  as 
more  has  to  be  put  on  to  give  the  same 
appearance,  i.e.  it  has  less  covering  power,  it  does 
not  act  as  a  perfect  substitute.  Hydrochloric 
acid,  when  neutralized  by  zinc  or  zinc  oxide, 
forms  the  salt  zinc  chloride,  ZnCl2,  in  solution. 
This  salt  may  be  crystallized  out,  but  is  generally 
melted  and  cast  into  sticks.  It  combines  eagerly 
with  water.  It  is  frequently  used  in  preparing 
the  surfaces  of  any  two  pieces  of  metal  which 
are  to  be  fastened  together  by  means  of  an  alloy, 
or  solder,  melting  at  a  lower  temperature  than 
either,  and  capable  of  alloying  with  both  of 
them.  The  salt  acts  upon  the  surface  of  the 
metal,  slightly  coating  it  with  zinc,  and  thus 
preparing  a  surface  to  which  the  solder  will 
easily  adhere. 

When   chlorine  is  passed  over  mercury,  Mercury 
or  when  chlorine  in  solution  (prepared  most eompouna*' 
conveniently  by  the  action  of  nitric  on  hydro- 
chloric acid)  acts  upon  mercury,  the  metal 
dissolves.    The  solution   when  cool  deposits 
crystals  which  when  dried  are  found  to  be 
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colourless,  heavy,  and  fairly  soluble  in  water. 
They  volatilize  completely  when  heated,  but 
the  fumes  as  well  as  the  solution  are  so 
poisonous,  that  great  care  is  necessary  in 
experimenting  with  the  substance. 

It  is  a  compound  of  mercury  and  chlorine, 
mercuric  chloride,  HgCL.  It  is  one  of  the 
most  poisonous  substances  known,  and  is 
called  corrosive  sublimate.  It  is  equally  fatal 
to  animal  and  vegetable  life,  and  as  it  also  kills 
all  disease  germs  it  is  largely  used  for  disinfect- 
ing. Caustic  potash  solution  acts  upon  it, 
giving  a  yellow  precipitate  of  mercuric  oxide, 
HgO,  the  same  substance  which  is  used  in  the 
preparation  of  oxygen  from  the  air  :  this  is  an 
exception  to  the  rule  that  caustic  potash 
solution  precipitates  bases,  i.e.  hydroxides,  from 
solutions  of  salts. 

When  mercuric  chloride  is  heated  with 
mercury  they  combine  to  form  a  white  vapour 
which  condenses  to  a  white  powder  insoluble 
in  water.  This  powder  is  made  soluble  again 
by  chlorine,  so  that  we  have  a  case  similar 
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to  that  of  iron,  viz.  two  chlorides  of  one  metal. 
The  latter  chloride  must,  from  its  formation 
and  its  transformation  by  chlorine,  contain 
less  chlorine  than  the  mercuric  chloride. 
It  is  called  mercurous  chloride,  HgCl,  and 
is  largely  used  in  medicine  under  the  name 
of  calomel. 

Borax  is  largely   used   as  a   preservative  Boron  com- 
pounds. 

and  in  washing,  so  that  it  claims  our  atten- 
tion. Make  a  strong  solution  of  borax  and 
add  to  it  strong  hydrochloric  acid.  Allow 
the  solution  to  stand,  crystals  soon  separate 
out.  Collect  and  dry  some  of  these  crystals. 
When  heated,  they  give  off  water  and  leave  a 
fused  glassy  mass. 

Mix  some  of  the  crystals  with  an  equal 
weight  of  magnesium  powder  mixed  with  one 
quarter  its  weight  of  magnesium  oxide  as  in 
the  case  of  quartz,  and  burn  the  mixture. 
Dissolve  in  water  and  acids.  A  red-brown  solid 
is  left  which  burns  again  on  heating,  forming 
the  white  fusible  mass.  This  red-brown  solid 
is  another  element,  boron.    The  oxide  crystals 
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are  boron  trioxide,  or  boracic  anhydride, 
B203,  and  the  white  crystals  separating 
from  the  solution  are  boric  or  boracic 
acid,  H3B03. 

Boracic  acid  combines  with  bases  to  form 
salts,  the  borates,  which  melt  easily  at  a 
fairly  high  temperature.  Borax  is  a  borate  of 
soda,  Na2O,2B2O3,10H2O,  or  Na2B4O7,10H2O. 

Many  of  the  borates  are  coloured  and  serve 
as  tests  for  the  metals,  e.g.  cobalt  forms  a 
well-known  blue  glass.  The  fusibility  of  the 
borates  makes  them  useful  in  the  operations  of 
soldering  and  brazing  at  high  temperatures. 
When  v&ry  hot  the  surface  of  the  metal  oxidizes, 
but  is  made  bright  by  the  combination  of  the 
borax  with  the  oxide  formed. 

Alum  is  used  as  an  astringent,  and  in  some 
cases  to  whiten  flour. 

Take  some  aluminium  and  dissolve  it  in 
dilute  sulphuric  acid,  the  solution  contains 
aluminium  sulphate,  A12(S04)3.  Mix  concen- 
trated solutions  of  aluminium  and  potassium  sul- 
phates, and  allow  the  mixture  to  stand.  Colour- 
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less  crystals  separate  out  containing  potassium 
and  aluminium  sulphates  and  water  ;  they  are 
called  alum,  and  are  represented  by  the  formula 
A12(S04)3,K2S04,24H20.  The  addition  of 
potash  to  a  solution  of  alum  gives  rise  to  a 
gelatinous  white  precipitate  of  aluminium 
hydroxide,  A1(0H)3,  but  this  precipitate  dissolves 
in  an  excess  of  potash.  The  precipitate  is  insolu- 
ble in  ammonium  chloride  solution,  so  that  it  is 
formed  by  the  action  of  potash  on  a  solution  of 
ammonium  chloride  and  alum.  The  aluminium 
hydroxide  which  is  precipitated  in  this  way  is 
gelatinous,  and  has  the  property  of  making 
woollen  cloth  water-proof,  or  at  any  rate  shower- 
proof. Collect  some  of  the  gelatinous  hydroxide 
and  heat  it  in  a  dish  or  crucible  over  a  flame. 
It  gives  off  water,  becomes  powdery,  and  is  now 
the  oxide  of  aluminium,  alumina,  A1203.  Native 
alumina  is  very  hard,  and  one  of  its  forms, 
emery,  is  much  used  on  account  of  its  hard- 
ness for  grinding  steel. 

Take  some  tin,  weigh  it  and  put  it  in  a  Tin  c?m- 

70  1  pounds. 

weighed  crucible  ;  pour  some  nitric  acid  on  it. 
VOL.  I.  N 
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A  violent  action  occurs,  large  quantities  of 
nitrous  fumes  are  given  off,  and  a  yellowish 
solid  is  left.  Heat  it  till  it  is  free  from  water, 
and  weigh  it,  it  weighs  more  than  the  tin. 
Pour  some  sulphuric  acid  on  some  of  the  solid, 
no  nitrous  fumes  are  given  off,  nor  are  any  when 
the  mixture  is  heated,  so  that  the  solid  con- 
tains no  nitric  acid.  The  increase  of  weight 
corresponds  with  the  formation  of  a  tin  dioxide 
from  tin,  represented  by  the  formula  SnCL 
This  is  an  interesting  case  in  which  the  action 
of  an  acid  on  a  metal  does  not  appear  to  produce 
a  salt.  The  oxide,  under  the  name  of  putty 
powder,  is  used  for  polishing. 

We  have  seen  that  lead  is  oxidized  when 
it  is  heated  in  the  air,  and  converted  into 
a  yellow  solid,  which  turns  darker  and  melts 
when  further  heated.  This  oxide  is  named 
litharge,  PbO.  It  combines  with  acids  to  form 
salts ;  thus  it  dissolves  in  vinegar  to  form 
sugar  of  lead  or  lead  acetate,  to  which  we 
shall  refer  later. 

When  litharge  is  roasted  in  the  air  at  a 
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temperature  just  below  its  melting  point,  it 
turns  redder,  and  is  found  to  weigh  more  than 
before.  When  made  hotter  still  it  gives  off 
oxygen,  returning  to  the  state  of  litharge,  so 
that  the  red  powder  must  contain  relatively- 
more  oxygen  than  litharge.  It  agrees  with  the 
formula  Pb304,  and  is  called  red  lead  oxide. 
Dilute  nitric  acid  acts  upon  it,  dissolving  more 
than  half  and  turning  the  residue  to  a  red- 
brown  or  puce  colour. 

This  red-brown  solid  when  dried  is  found 
to  give  off  enough  oxygen  when  heated  to 
correspond  with  the  formula  Pb02,  lead  dioxide. 
Both  red  lead  oxide  and  lead  dioxide  give  off 
oxygen  when  heated  alone  or  with  sulphuric 
acid,  and  chlorine  when  heated  with  hydro- 
chloric acid,  so  that  they  are  called  peroxides. 
Lead  dioxide  is  hence  often  called  lead 
peroxide. 

Red  lead  oxide  acts  as  an  oxidizing  agent, 
and  oxidizes  and  resinifies  oils,  hence  it  is  used 
as  a  first  coat  in  painting  wood. 

Dissolve  some  lead,  or  litharge,  in  dilute 
N  2 
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nitric  acid.  A  salt,  lead nitrate,  crystallizes  out 
as  the  solution  cools. 

Add  sulphuric  and  hydrochloric  acids  to  two 
portions  of  the  solution,  white  precipitates  are 
seen  in  each  case  of  sulphate  and  chloride  of 
lead,  PbS04  and  PbCl2  respectively.  The 
insolubility  of  these  two  salts  is  made  use  of  as 
a  test  for  the  presence  of  lead. 

Add  ammonium  or  sodium  carbonate  to  some 
more  of  the  solution.  A  dense  white  precipitate 
is  formed.  This  contains  lead  and  gives  off 
carbon  dioxide  when  heated,  so  that  it  is  a 
carbonate  of  lead.  A  basic  carbonate  of  lead 
called  white  lead  is  used  as  the  basis  of  paints, , 
owing  to  its  colour  and  insolubility  in  water. 
A  small  weight  of  it  also  covers  a  large  surface, 
i.e.  it  has  great  covering  power.  In  practice 
the  lead  is  not  dissolved  to  form  a  solution  first, 
but  sheets  of  lead  are  kept  wet  with  vinegar  in 
a  constant  atmosphere  of  carbon  dioxide,  formed 
by  the  fermentation  of  tan  refuse.  The  lead  is 
oxidized  and  precipitated  as  the  basic  car- 
bonate,  white   lead.    Carbonate  of  lead  is 
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absorbed  through  the  skin,  and  is  a  poisonous 
body,  so  that  the  process  of  making  white  lead 
is  dangerous  ;  hence  many  substitutes  such  as 
sulphate  of  lead,  zinc  oxide,  and  barium  sulphate, 
are  also  used. 

When  many  ores   of  tin  and  copper  are  Arsenic. 
heated  in  the  air  they  give  off  white  fumes 
which  condense  to  a  heavy  white  solid.  This 
substance  is  poisonous  and  is  known  as  white 
arsenic. 

Heat  some  of  this  white  arsenic  with  charcoal 
in  a  test  tube,  black  metallic-looking  crystals 
are  formed  and  also  carbon  dioxide  given  off. 

These  black  crystals  when  heated  in  a  tube 
in  the  air  form  more  white  fumes,  the  same  as 
the  original  ones.  The  white  substance  is  an 
oxide  of  the  black  one,  and  the  bodies  are 
called  arsenic  trioxide,  or  arsenious  oxide,  and 
arsenic  respectively. 

White  arsenic  dissolves  in  alkalies  and  in  acids 
to  form  salts.  It  is  not  fatal  in  small  doses, 
and  when  the  body  is  accustomed  to  it,  even 
large  doses  may  be  taken  without  immediate 
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effect,  but  if  the  drug  is  now  suddenly  given  up 
arsenic  poisoning  is  noticed. 

Among  the  most  important  oxidizing  and 
disinfecting  agents  may  be  noted  potassium 
permanganate,  or  similar  bodies  sold  under  the 
name  of  Condy's  fluid. 

Take  some  soil,  wood  ash,  or  better  still,  the 
ash  of  tea  leaves,  and  put  it  upon  some  short 
pieces  of  stick  potash  or  soda  in  a  crucible  or 
on  a  crucible  lid.  Heat  the  mixture  till  it 
melts,  and  keep  it  melted  for  some  time.  In  a 
few  minutes  the  potash  is  coloured  green, 
and  the  colour  deepens  as  the  fusion  con- 
tinues. 

The  same  green  colour  is  seen  when  the 
mineral  pyrolusite  is  fused  with  caustic 
potash. 

[Pyrolusite  when  heated  with  charcoal  to  a 
high  temperature  is  reduced,  giving  off  oxygen 
to  form  carbon  dioxide  and  leaving  a  metal, 
manganese.  The  amount  of  oxygen  corre- 
sponds with  the  formula  Mn02  for  pyrolusite, 
which  is  hence  called  manganese  dioxide.]  Put 
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some  of  the  green  solid  into  water  and  allow  it 
to  dissolve.  It  forms  a  green  solution  from 
which  a  green  crystalline  solid  can  be  prepared. 
The  green  solid  gives  off  oxygen  when  heated, 
and  contains  relatively  more  oxygen  than  man- 
ganese dioxide,  and  is  a  salt  of  the  oxide 
of  manganese,  Mn03,  which  acts  as  an  acid 
oxide  resembling  sulphur  trioxide,  S03,  form- 
ing salts  in  which  the  oxide  of  a  metal, 
manganese,  plays  the  same  part  as  an  oxide 
of  a  non-metal,  sulphur. 

The  green  solution  has  exactly  the  properties 
of  the  green  Condy's  fluid,  and  is  a  powerful 
oxidizing  agent,  converting  ferrous  into 
ferric  iron  and  destroying  living  matter  by 
oxidation. 

Take  some  of  the  green  solution  and  boil  it, 
it  turns  red  and  at  the  same  time  forms  a  brown 
precipitate.  The  same  action  takes  place  when 
carbon  dioxide  is  passed  through  the  green 
solution,  and  a  similar  action  when  dilute 
hydrochloric  acid  or  other  acid  is  added  to  it. 
Filter  the  red  solution  and  evaporate  down. 


1 84  Chemistry 


Beautiful  nearly  black  crystals  separate  out 
which  have  shining  faces  reflecting  all  the 
colours  of  the  rainbow.  These  crystals  are 
soluble  in  water,  and  make  a  deep  red  solution 
looking  blue  when  white  light  is  passed  through 
it. 

These  crystals  contain  potassium,  and  when 
heated  alone  give  off  oxygen.  They  also  give 
off  oxygen  when  heated  with  sulphuric  acid, 
but  the  action  is  rather  explosive  in  character. 
They  give  off  chlorine,  as  we  have  seen,  by  the 
action  of  hydrochloric  acid.  They  are  a  second 
salt  in  which  an  oxide  of  manganese  is  able  to  play 
the  part  of  an  acid  oxide.  This  salt  is  generally 
known  as  potassium  permanganate,  KMn04. 

Make  a  solution  of  a  ferrous  salt  and  add  to 
it  some  dilute  sulphuric  acid.  Measure  out,  say, 
25  cc.  of  the  solution  into  a  flask  or  beaker, 
and  run  into  it  a  solution  of  3*16  gm.  of  potassium 
permanganate  in  a  litre  of  water.  For  some 
time  the  red  drops  lose  their  colour  as  they  fall, 
and  at  the  same  time  the  iron  becomes  oxidized 
from  the  ferrous  to  the  ferric  state,  as  shown  by 
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the  increase  of  coloration  produced  by  a  drop 
of  the  solution  when  placed  in  potassium  sul- 
phocyanide  solution.  When  there  is  110  more 
ferrous  salt  present,  then  there  is  no  removal  of 
oxygen  from  the  potassium  permanganate,  and 
the  solution  remains  pink.  Make  a  note  of  the 
amount  of  solution  used,  and  repeat  the  experi- 
ment. Notice  that  the  amounts  used  are  always 
nearly  exactly  the  same,  so  that  if  we  know  the 
amount  of  iron  which  one  gm.  of  the  salt  will 
oxidize,  we  have  an  easy  way  of  determining 
the  quantity  of  iron  in  any  solution.  Thus 
3*16  gm.  of  potassium  permanganate  will  oxidize 
5*6  gm.  of  iron  from  the  ferrous  to  the  ferric 
state,  so  that  each  cc.  of  the  potassium  per- 
manganate solution  used  oxidizes  '0056  gm.  of 
iron  from  the  ferrous  to  the  ferric  state. 

Thus,  if  25  cc.  of  a  solution  of  ferrous  iron 
require  for  oxidation  18  cc.  of  potassium  per- 
manganate solution — 

Iron  in  25  cc.  =  18  x  '0056  gm. 

,  .          -i          18  x  '0056 
and  iron  m  1  cc.  =   —  gm. 

=  '0039  gm. 
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If  we  take  a  weighed  quantity  of  soil  or 

plant  ash  and  dissolve  in  hydrochloric  acid, 

using  pure  zinc  and  sulphuric  acid  for  reducing 

the  iron  to  the  ferrous  state,  then  the  amount 

of  iron  found  must  have  been  contained  in  the 

amount  of  soil  taken,  and  may  be  calculated  as 

a  percentage,  thus  :  0*1  gm.  of  soil  dissolved  in 

dilute  hydrochloric  acid  and  reduced  with  zinc 

takes  18  cc.  of  potassium  permanganate  solution 

to  oxidize  it,  then  from  above — 

01  gm.  of  soil  contains  0*0039  gm.  of  iron 
or     1    gm.  „  0-039  „ 

and  100    gm.  „  3*9        „  „ 

That  is,  the  iron  in  the  given  soil  is  3*9  per 

cent. 

Potassium  permanganate  also  in  strong  solu- 
tions oxidizes  and  kills  the  germs  of  putrefac- 
tion and  disease,  so  that  it  is  used  for 
disinfecting. 

Boil  some  pyrolusite,  manganese  dioxide,  with 
hydrochloric  acid,  chlorine  is  given  off  in 
large  quantity,  and  the  black  solid  disappears 
into  solution.  Evaporate  the  solution,  pink 
crystals  of  a  manganese  chloride,  MnCL,  are 
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formed.  Add  some  potash  solution  to  a  solution 
of  manganese  chloride.  A  white  precipitate 
is  formed  which  rapidly  becomes  brown  as  it 
absorbs  oxygen  from  the  air.  The  precipitate  is 
the  base  manganese  hydroxide,  Mn(OH).2,  and 
it  is  derived  from  the  manganese  dioxide  by 
loss  of  oxygen. 

The  absorption  of  oxygen  by  manganese  salts  is 
made  use  of  in  the  manufacture  of  quick- drying- 
oils  for  paints.  Mix  solutions  of  manganese 
chloride  and  borax,  a  white  precipitate  forms  of 
a  manganese  borate.  This  salt  rapidly  turns 
brown  from  the  absorption  of  oxygen,  and  when 
mixed  with  linseed  oil  is  able  to  carry  oxygen 
from  the  air  to  the  oil,  and  so  to  oxidize  or  dry 
it ;  the  salt  is  hence  called  "  driers." 

We    have    already   seen   that   the   metal  copper 

.         t  compounds. 

copper  dissolves  m  nitric  and  sulphuric  acids, 
forming  salts,  the  nitrate  and  sulphate  respec- 
tively, which  both  have  a  characteristic  blue 
colour. 

Copper  sulphate,  CuS04,5H20,  crystallizes 
from  water  with  five  molecules  of  water  of 
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crystallization,  in  the  form  of  blue  crystals 
called  blue  vitriol  or  blue  stone.  Heat  a  few 
small  crystals  of  the  salt ;  they  become  white 
and  give  oif  steam.  Put  the  white  residue  in 
water,  it  again  turns  blue  and  dissolves. 

Add  some  potash  to  a  solution  of  copper 
sulphate,  it  produces  a  blue  gelatinous  pre- 
cipitate which  becomes  black  when  filtered  off 
and  heated.  The  blue  solid  is  the  base  copper 
hydroxide,  Cu(OH)2,  and  it  is  decomposed  by 
heat  into  black  copper  oxide  and  water.  This 
reaction  or  splitting  can,  however,  take  place 
in  presence  of  water  when  the  potash  solution 
and  the  copper  hydroxide  are  boiled  together. 

Copper  salts  are  poisonous,  and  are  used  to 
destroy  the  germs  of  smut  and  rust  of  wheat, 
by  moistening  the  outside  of  the  grain  with  a 
solution  of  copper  sulphate. 

Copper  hydroxide  precipitated  by  lime 
instead  of  by  potash  is  also  used  largely  for 
destroying  the  germs  of  the  potato  disease  on 
the  living  plant  under  the  name  of  the 
"  Bordeaux  mixture." 
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Add  some  ammonia  solution  to  some  copper 
sulphate  solution.  It  turns  a  deep  violet 
colour,  but  no  permanent  precipitate  of  copper 
hydroxide  is  formed.  This  violet  solution  is 
very  characteristic  of  copper,  and  contains  a 
compound  of  copper  hydroxide  and  am- 
monia, called  cuprammonium  hydroxide. 
The  solution  has  the  remarkable  property 
of  dissolving  vegetable  fibre,  which  is  re- 
precipitated  with  some  copper  when  the 
solution  is  neutralized.  The  copper  acts 
as  a  protector  against  fungoid  growths,  and 
paper  prepared  writh  this  solution  is  rot- 
proof  :  commercially  it  is  called  "  Willesden 
paper." 

Make  some  copper  hydroxide  by  adding  an 
excess  of  a  cold  solution  of  potash  to  a  cold 
solution  of  copper  sulphate,  and  add  a  solution  of 
a  reducing  agent,  e.g.  sulphurous  acid,  a  few 
drops  at  a  time  ;  the  blue  hydroxide  turns  yellow 
or  red.  Filter  off  the  red  solid  and  allow  it  to 
dry.  When  heated  in  air  it  turns  to  black 
oxide  of  copper  ;  when  heated  with  charcoal  it 
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oxidizes  the  carbon  and  forms  metallic  copper. 
It  is  an  oxide  of  copper  with  less  oxygen  than 
cupric  oxide,  and  it  is  called  cuprous  oxide, 
Cu20. 

The  last  metal  whose  compounds  we  have  to 
consider  is  silver. 

Take  a  small  piece  of  silver,  say  a  three- 
penny piece,  and  dissolve  it  in  nitric  acid. 
The  solution  is  blue,  and  on  adding  a  few 
drops  of  ammonia  solution  it  turns  violet, 
showing  the  presence  of  copper. 

Add  some  common  salt  or  hydrochloric  acid 
to  the  silver  solution,  there  is  a  white  curdy 
precipitate  of  silver  chloride,  AgCl,  which 
dissolves  in  ammonia  solution  and  is  re-precipi- 
tated by  nitric  acid,  in  which  it  is  insoluble. 
This  precipitate,  however  it  is  prepared,  has 
always  the  same  composition,  i.e.  108  gm.  of 
silver  to  35*5  gm.  of  chlorine,  and  it  is  largely 
used  in  determining  the  amount  of  salt  in 
spring  water  and  of  salt  as  an  adulterant  of 
sodium  nitrate. 

A  solution  of  pure  silver  in  nitric  acid  when 
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evaporated  forms  large  white  crystals  of  nitrate 

of  silver,  AgN03,  which  dissolve  readily  in 

water,  and  have  the  composition — 

Silver  ....  108  gm. 
Nitrogen  .  .  .  14  gm. 
Oxygen .       .       .       .        48  gm. 

170 

so  that  170  gm.  of  this  salt  contain  as  much 
silver  as  will  precipitate  35*5  gm.  of  chlorine. 

Dissolve  8*5  gm.  of  silver  nitrate  in  500  cc.  of 
distilled  water ;  1  cc.  of  this  solution  contains 
0-0170  gm.  of  the  salt,  that  is  0*0108  gm.  of 
silver,  which  will  exactly  precipitate  0*00355 
gm.  of  chlorine.  Measure  out  100  cc.  of  spring 
water,  and  put  the  silver  solution  in  a  burette 
fitted  with  a  glass  stopcock. 

(1)  Put  the  spring  water  in  a  stoppered  bottle 
and  run  the  silver  solution  in,  a  few  cc.  at  a 
time,  shaking  each  time  till  the  solution  is 
clear,  before  adding  another  quantity.  When 
the  addition  of  another  cc.  no  longer  causes  a 
turbidity,  read  the  amount  of  silver  solution 
used,  and   repeat  the   process  with  another 
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100  cc.  of  the  water,  but  adding  the  last  cc.  by- 
tenths.  Suppose  it  takes  2*2  cc.  to  produce  a 
permanent  turbidity,  then  the  100  cc.  of  water 
must  contain  22  x  '00355  gm.  =  -00781  gm. 
of  chlorine,  i.e.  one  litre  (  =  1000  cc.)  contains 
•0781  gm.  of  chlorine. 

(2)  Put  the  100  cc.  of  water  in  a  dish ;  or  weigh 
out  *2  gm.  of  commercial  nitrate  of  soda  and  dis- 
solve in  water.  Test  with  litmus  paper,  and  if 
the  solution  is  acid  add  some  pure  chalk.  Then 
add  two  or  three  drops  of  a  solution  of  potassium 
chromate  (not  bichromate),  and  run  in  the  silver 
solution  from  the  burette  until  the  golden- 
yellow  changes  to  orange,  and  the  addition  of 
another  drop  of  the  silver  solution  turns  it 
brick-red.  Bead  off  the  amount  of  silver 
solution  taken,  and  calculate  as  before. 

To  convert  the  chlorine  into  common  salt,  we 
may  remember  that  35*5  gm.  of  chlorine  combine 
with  23  gm.  of  sodium  to  form  58*5  gm.  of 
common  salt. 

The  above  use  of  chromate  as  an  indicator  for 
silver  titrations  depends  upon  the  fact  that 
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neutral  silver  clirornate  is  red,  while  potassium 
chroinate  is  yellow,  and  no  silver  chromateis 
formed  until  all  the  chlorides  in  solution  have 
been  precipitated  as  silver  chloride  by  the 
action  of  the  silver  solution. 

Silver  salts  turn  black  when  exposed  to  the 
light,  or  mixed  with  organic  matter,  hence  they 
are  used  in  photography.  Silver  salts  are  also 
disinfectants,  and  silver  nitrate  melted  into 
sticks  is  used  in  medicine  as  a  cautery  under 
the  name  of  "  lunar  caustic." 
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CHAPTER  XVI. 


ORGANIC  COMPOUNDS — HYDROCARBONS. 

We  have  examined  all  the  ash  constituents  of 
plants  and  the  inorganic  compounds  of  the  soil 
which  interest  us  in  connection  with  plant  and 
animal  life ;  there  remains  only  the  organic 
part  which  burns  away  when  it  is  heated,  and 
out  of  which  the  living  parts  of  animals  and 
plants  are  built  up. 

A  very  short  consideration  of  living  matter 
and  its  products  shows  us  that  the  number  of 
organic  compounds  we  meet  is  even  larger  than 
that  of  the  mineral  inorganic  compounds ; 
thus  we  find  woody  fibre,  starch,  sugar,  turpen- 
tine, resin,  essential  oils  of  various  kinds,  not 
to  mention  drugs  like  quinine,  &c,  with  their 
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special  properties,  also  flesh,  fat,  gelatine,  and 
other  substances  from  animal  bodies. 

Burn  one  of  these  substances,  say  gelatine,  in 
a  piece  of  hard  glass  tube  by  heating  it  red- 
hot  and  passing  oxygen  or  air  over  it,  or  else  by 
mixing  it  with  copper  oxide  before  heating.  It 
burns  away  completely,  and  in  its  place  we  find 
nothing  but  carbon  dioxide,  water  and  nitrogen, 
or  some  compound  of  nitrogen.  As  all  these 
organic  compounds  give  the  same  products  they 
must  be  alike  in  the  fact  that  they  only  contain 
the  elements  carbon  and  hydrogen  with  perhaps 
oxygen  and  nitrogen. 

But  how  is  this  variety  of  compounds  obtained 
from  such  a  small  number  of  elements  ? 

In  order  to  answer  this  question  we  must  pro- 
ceed as  in  the  inorganic  world  to  try  to  find 
some  simple  compounds  as  a  foundation  on 
which  to  build. 

Take  some  powdered  coal,  dried  wood  chips 
or  sawdust,  and  heat  it  in  a  test  tube.  Water 
is  given  off,  then  thick  white  fumes,  afterwards 
the  fumes  become  brown.  Test  the  fumes  with 
0  2 
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a  lighted  taper,  they  burn.  Collect  a  test  tube 
full  of  the  fumes  over  water  by  fitting  the  test 
tube  with  a  cork  and  delivery  tube,  light  them 
at  the  mouth  of  the  tube,  and  when  they  have 
burned,  cover  the  test  tube  with  the  thumb, 
pour  in  some  lime  water  and  shake  up.  The 
lime  water  turns  milky,  showing  the  presence  of 
carbon  dioxide  gas.  Water  is  also  formed  in 
the  burning  flame,  so  that  the  fumes  contain 
carbon  and  hydrogen,  the  carbon  being  in  a 
state  of  combination.  Now  in  the  manufac- 
ture of  coal  gas  organic  matter  is  heated  on  a 
large  scale,  and  the  gas  which  is  formed  burns 
to  a  mixture  of  carbon  dioxide  and  steam. 
Hence  coal  gas  contains  carbon  compounds. 

Take  some  acetic  acid  (vinegar)  and  pour  it  on 
some  lumps  of  soda  lime,  powder  the  product  and 
heat  it  in  a  round-bottomed  glass  flask,  collect- 
ing the  gas  given  off  over  water  (Fig.  2).  The 
gas  is  colourless  and  has  very  little  smell  or  taste. 
It  is  lighter  than  air,  and  burns  in  the  air  and 
in  oxygen  to  form  carbon  dioxide  and  steam. 
Mix  the  gas  with  twice  its  volume  of  oxygen  in 
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a  soda-water  bottle  and  light  the  mixture  ;  it 
explodes  violently,  forming  carbon  dioxide  and 
steam,  and  nothing  else,  so  that  the  carbon  is  in 
combination  with  hydrogen. 

It  is  found  that  4  gm.  of  the  gas  burn  to  form 
11  gm.  of  carbon  dioxide  and  9  gm.  of  water, 
i.e.  4  gm.  of  the  gas  contain  \\  x  11  gm.  = 
3  gm.  of  carbon  and  -f~$  x  9  gm.  =  1  gm.  of 
hydrogen. 

We  also  find  that  the  gas  is  eight  times  as 
heavy  as  hydrogen,  so  that  its  molecular  weight 
is  16  (H  =  2)  ;  hence  the  molecular  weight  is 
made  up  of  3  x  4  =  12  gm.  of  carbon  combined 
with  1  x  4  =  4  gm.  of  hydrogen. 

Now  we  never  find  less  than  12  gm.  of  carbon 
in  a  molecular  weight  of  a  carbon  compound, 
so  we  take  twelve  as  the  atomic  weight  of 
carbon,  and  the  composition  of  the  gas  must 
therefore  be  represented  by  0H4. 

This  body  is  called  marsh  gas  or  methane,  and 
it  is  one  of  the  most  important  of  carbon  com- 
pounds, since  it  contains  the  smallest  possible 
number  of  carbon  atoms  in  its  molecule,  viz. 
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one,  and  it,  can  be  transformed  into  many  other 
important  compounds. 

Collect  another  cylinder  of  marsh  gas  and 
mix  it  with  a  cylinder  of  chlorine  by  placing 
them  mouth  to  mouth  and  then  turning  the 
cylinders  so  that  the  one  containing  chlorine  is 
at  the  top.  The  colour  of  the  chlorine  dis- 
appears and  hydrochloric  acid  is  formed.  Now 
apply  a  taper  again.  The  gas  bums  with  a 
green-edged  flame,  and  when  analyzed  has  the 
composition  and  molecular  weight  represented 
by  the  formula  CH,C1.  This  is  almost  the 
only  way  in  which  we  can  attack  the  marsh  gas 
molecule  without  destroying  it. 

We  notice  that  the  new  gas,  which  is  called 
methyl  chloride,  has  the  same  composition 
as  the  marsh  gas  from  which  it  is  made, 
except  that  one  atom  of  hydrogen  is  gone 
and  its  place  is  taken  by  an  atom  of  chlorine. 
We  have  already  had  examples  of  this  kind 
of  change  in  the  case  of  the  action  of  hydro- 
chloric acid  upon  caustic  potash,  when  the 
chlorine  takes  the  place  of  an  oxygen  and  a 
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hydrogen  atom,  forming  a  salt  of  potash  and 
hydrochloric  acid.  In  organic  chemistry  this 
kind  of  reaction  becomes  much  more  important, 
and  is  known  by  the  name  of  substitution  ;  in 
the  above  case  the  marsh  gas  is  converted  into 
the  methyl  chloride  by  the  substitution  of  one 
chlorine  atom  for  one  hydrogen  atom  in  the 
molecule. 

Is  there  any  fundamental  property  of  atoms 
which  governs  the  substitution  of  one  atom  for 
another  in  any  molecule  ? 

Let  us  examine  a  few  simple  cases  first. 
We  already  know  that  the  molecular  weight  of 
hydrogen  is  taken  as  two,  because  we  find  that 
its  molecule  can  be  split  up  into  two  smaller 
parts  or  atoms  when  it  enters  into  chemical  re- 
action with  any  body.  Similarly  chlorine, 
oxygen  and  nitrogen  have  molecules  which  con- 
sist of  two  atoms  in  each  case,  so  that  they  are 
represented  by  the  symbols,  H:,  Cl2,  02,  and  N2 
respectively.  Again  the  molecules  of  hydro- 
chloric acid  gas  and  steam  weigh  36*5  and 
18  respectively   (H  molecule  =  2),  so  that 
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they  are  represented  by  HC1  and  H20.  Now 
in  the  cases  of  the  four  elements  and  hydro- 
chloric acid  we  can  only  suppose  that  the  mole- 
cules are  held  together  in  their  rapid  motion  by 
their  mutual  attraction  or  affinity,  so  that  these 
molecules  can  be  conveniently  represented  by — 

H — H 
CI— CI 
O—O 
N—N 
H— CI 

In  these  formulae  we  express  the  fact  that 
chemical  attraction  is  holding  the  atoms 
together  to  form  a  molecule  by  the  symbol  of  a 
straight  line,  or  bond,  as  it  is  often  called.  It  is 
of  the  greatest  importance  to  notice  that  this 
straight  line  does  not  explain  how  the  atoms 
are  held  together,  but  simply  that  the  two 
atoms  between  which  it  is  placed  attract  each 
other  in  such  a  way  as  to  form  a  molecule. 

Now  in  the  case  of  water  we  assume  that  the 
oxygen  atom  attracts  both  the  hydrogen  atoms 
in  such  a  way  as  to  hold  the  molecule  together, 
and  we  represent  its  molecule  by  the  symbols — 
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H — 0 — II 

One  reason  why  we  believe  that  the  oxygen 
atom  attracts  both  the  hydrogen  atoms  is  that 
when  we  remove  one  hydrogen  atom  from 
the  molecule  by  putting  one  other  atom  in 
its  place,  the  hydrogen  atom  which  is  left 
acts  like  the  other  and  can  be  replaced  in  its 
turn. 

Now  the  nature  of  chemical  attraction  is  such 
that  since  one  atom  of  hydrogen  can  combine 
with  one  atom  of  chlorine  to  form  hydrochloric 
acid,  these  two  atoms  can  play  the  same  part 
in  a  molecule,  i.e.  each  can  be  substituted 
for  the  other  in  a  molecule,  without  destroying 
the  characteristic  properties  of  that  molecule. 
This  has  been  stated  in  the  Law  of  Substitu- 
tions. Elements  or  groups  of  elements  which 
can  combine  can  also  replace  each  other. 

Thus  if  water  is  represented  by  H20,  then  two 
atoms  of  hydrogen  can  replace  or  be  replaced  by 
one  atom  of  oxygen,  while  if  H — 0 — H  be  taken 
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as  the  formula,  one  atom  of  hydrogen  can  replace 
or  be  replaced  by  a  group  of  one  atom  of 
oxygen  and  one  of  hydrogen,  the  hydroxy  I 
group — OH. 

In  the  same  way  nitrogen  combines  with 
three  atoms  in  ammonia,  NH3,  and  with  five 
atoms  in  ammonium  chloride,  NH4C1,  so 
that  it  can  replace  or  be  replaced  by  three 
or  by  five  other  atoms  of  hydrogen,  and 
so  on. 

Now  the  carbon  atom  in  marsh  gas  combines 
with  four  hydrogen  atoms,  and  it  is  charac- 
teristic of  carbon  that  it  generally  does  combine 
with  four  atoms  or  groups  which  can  each 
combine  with  one  atom  of  hydrogen,  and  that 
these  substituting  groups  may  be  themselves 
organic.  Thus  if  we  write  marsh  gas  HCH3, 
then  one  hydrogen  atom  is  combined  with  a 
group  of  one  carbon  and  three  hydrogen  atoms, 
the  methyl  group.  The  methyl  group  can 
hence  replace  one  hydrogen  atom  in  any 
compound. 

When  methyl  chlorjde  is  heated  with  zinc 
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in  a  closed  tube,  a  new  gas  is  formed 
having  the  percentage  composition  and 
molecular  weight  represented  by  the  formula 
C2H6. 

This  substance  is  a  gas  like  marsh  gas,  and 
has  almost  exactly  similar  properties,  burning 
in  air,  and  being  attacked  by  chlorine  alone 
when  one  or  more  chlorine  atoms  are  replaced 
or  substituted  for  hydrogen.  It  is  called 
ethane,  and  its  chlorine  derivative  is  called 
ethyl  chloride,  C2H5C1. 

If  we  represent  marsh  gas  by  the  formula — 

H 
I 

H — C  — H 
I 

H 

then  ethane  can  only  be  represented  by  the 
formula — 

H  H 

I  I 
H — C — 0—  H 

i  I 

H  H 

In  the  gas  ethane  we  notice  that  its  molecule 
contains  two  carbon  atoms,  each  combined  with 
the  other,  the  first  evidence  of  a  new  property 


204  Chemistry 


of  the  carbon  atom  in  which  it  differs  from 
others,  i.e.  it  attracts  other  carbon  atoms  to 
an  almost  unlimited  extent,  forming  chains  of 
carbon  atoms  all  linked  together  by  their 
attraction  for  each  other,  though  no  single 
atom  directly  acts  upon  more  than  four  other 
atoms.  This  peculiar  property  of  carbon  is 
called  atom  linking,  and  it  explains  the 
extraordinary  variety  of  the  carbon  compounds. 

Since  methane  and  ethane  are  made  up  of 
carbon  and  hydrogen,  and  nothing  else,  we  call 
them  hydrocarbons,  and  they  are  capable  of 
giving  remarkable  bodies  when  their  hydrogen 
atoms  are  replaced  by  the  atoms  of  other 
elements. 

Thus  if  we  keep  on  replacing  hydrogen  atoms 
by  chlorine  atoms  in  the  molecule  of  marsh  gas 
by  the  action  of  chlorine,  we  make  first  CH3C1, 
methyl  chloride,  then  CH2C12,  and  then 
CHCI3,  chloroform,  a  compound  which  is  a 
very  near  relative  of  marsh  gas,  and  yet 
possesses  the  remarkable  property  of  producing 
insensibility. 
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The  action  of  sodium  upon  the  molecules 
containing  chlorine  substituted  for  hydrogen 
can  be  continued;  thus  from  mixed  methyl 
and  ethyl  chlorides  we  obtain  a  hydrocarbon 
having  the  composition  represented  by  the 
formula  C3H8,  called  propane.  From  ethyl 
chloride  alone  we  get  C4H10,  hutane,  and  so  on. 
These  bodies  have  the  same  properties  as 
marsh  gas,  but  with  increasing  molecular 
weight  become  more  easily  converted  into  the 
liquid  state,  and  hexane,  C6H14,  is  a  liquid 
and  one  of  the  constituents  of  benzoline. 

We  notice  that  these  hydrocarbons  are 
similar  in  properties  and  may  be  arranged  so 
that  each  one  differs  in  composition  by  one 
carbon  and  two  hydrogen  atoms  from  the  body 
which  precedes  it.  They  form  a  series,  the 
paraffin  series,  which  continues  through  benzo- 
line and  paraffin  oil,  with  six  to  twelve  atoms 
of  carbon  in  the  molecule,  as  far  as  paraffin 
wax,  a  solid  with  at  least  twenty-five  atoms  of 
carbon  in  its  molecule. 

In   the   decomposition    of   coal    by    heat  coai  tar. 
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we  have  noticed  that  the  fumes  given  off  are 
brown.  Connect  the  tube  in  which  the  coal 
is  being  distilled  with  a  glass  tube  about  a  foot 
long  fitted  into  a  cork ;  the  brown  colour 
disappears  as  the  fumes  pass  along  the  tube, 
and  a  brown  tarry  liquid,  coal  tor,  condenses. 
Take  a  little  coal  tar,  put  it  in  a  retort  fitted 
with  a  thermometer  and  condenser  and  heat  it 
carefully  in  a  sand  bath  (Fig.  18).  The  tar 
boils  and  a  colourless  vapour  is  first  given  off 
which  condenses  to  a  colourless  liquid,  coal  tar 
naphtha ;  as  the  tar  gets  hotter  the  vapour 
becomes  hotter,  and  soon  has  the  characteristic 
smell  of  carbolic  acid,  so  that  coal  tar  is  a 
mixture.  If  the  bulb  of  the  thermometer 
is  arranged  so  as  to  be  in  the  stream  of 
vapour  passing  from  the  tar,  we  can  collect 
the  parts  which  boil  at  different  temperatures 
by  changing  the  vessel  in  which  we  are  catching 
the  condensed  liquid.  This  process  is  known  as 
fractional  distillation. 

Collect  the  fractions  boiling  between  80°  and 
82°  C,  and  also  between  170°  and  200°  C. ;  the 
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former  is  called  benzene,  the  latter  carbolic  acid. 
The  benzene  fraction  is  very  inflammable,  and 
burns  with  a  smoky  flame  forming  carbon  dioxide 
and  steam.  If  the  weight  of  the  carbon  dioxide 
and  steam  formed  are  compared  with  the  weight 
of  the  original  benzene  taken  it  is  found  that 
benzene  consists  of  carbon  and  hydrogen  only, 
in  the  proportion  of  12  to  1.  The  vapour  density 
shows  that  its  molecular  weight  is  represented 
by  78,  so  that  its  molecular  composition  must 
be— 

Carbon  .  .  .  .  6  X  12  =  72 
Hydrogen   .       .       .       .  6x1=6 

78 

and  its  molecular  formula  is  C6H6. 

Take  some  benzene  and  pass  chlorine 
through  it  in  sunlight,  it  absorbs  the  gas  and 
becomes  heavier ;  at  the  same  time  hydro- 
chloric acid  is  given  off,  and  the  chlorine  is 
found  to  have  taken  the  place  of  hydrogen 
in  the  benzene,  as  in  the  case  of  marsh  gas. 

Boil  some  benzene  with  sulphuric  acid  on  a 
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sand  bath  with  great  care,  using  a  flask  fitted 
with  a  cork  and  long  upright  tube.  The  acid 
becomes  brown  and  the  benzene  disappears, 
and  a  compound  is  formed  in  which  one  hydro- 
gen atom  of  the  benzene  is  replaced  by  the 
group  (HS03)  derived  from  sulphuric  acid. 

Pour  a  few  drops  of  benzene  into  some 
nitric  acid,  nitrous  fumes  are  given  off,  and 
the  benzene  turns  yellow ;  wash  the  yellow 
liquid  with  water,  it  now  smells  of  bitter 
almonds.  It  is  called  nitro-benzene  and  is  often 
used  as  a  substitute  for  oil  of  bitter  almonds 
under  the  name  of  oil  of  mirbane. 

Now  no  member  of  the  marsh  gas  series 
acts  in  this  way  with  these  two  acids,  and  we 
have  to  explain  the  fact :  in  all  the  reactions 
too  in  which  benzene  takes  part  we  find  the  six 
carbon  atoms  always  hanging  together.  We 
explain  the  facts  best  by  assuming  that  the 
six  atoms  of  carbon  which  keep  together, 
forming  a  nucleus,  are  held  together  by  their 
own  attraction  in  such  a  way  that  each  carbon 
atom  is  symmetrically  attracted  by  the  other 
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carbon  atoms.  Under  this  assumption  the 
benzene  nucleus  is  arranged  thus,  in  a  ring  or 
hexagon  : — 

H 
I 

C 

/  \ 

H— C        C — H 

I  I 
H— C       C— H 

\  / 

C 

I 

H 

A  very  large  number  of  very  interesting 
compounds  are  known,  which  are  derived  from 
benzene  by  the  substitution  of  other  atoms  and 
groups  for  hydrogen,  and  also  by  the  addition 
of  hydrogen  to  that  which  is  already  present. 

We  need  only  mention  one,  turpentine,  a 
derivative  of  benzene,  methane,  and  propane, 
with  two  hydrogen  atoms  added.  It  is  prepared 
by  distilling  the  resinous  sap  of  fir  trees  with 
water,  and  is  used  as  a  solvent  for  resins  in 
paint  and  varnish  making. 
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CHAPTER  XVII. 


ALCOHOLS — GLYCERINE. 


When  we  started  our  investigation  of  organic 
compounds  by  trying  the  action  of  heat  on 
them,  we  used  coal  or  wood,  and  obtained  gas 
and  tar:  we  noticed  that  water  appeared  as 
well  in  the  distillation.  This  water  in  the  case 
of  coal  was  found  to  contain  ammonia  in 
solution  and  may  now  be  investigated  in  the 
case  of  wood.  It  has  a  characteristic  smell  of 
methylated  spirit,  is  sour  and  turns  litmus  red. 
Mix  it  with  some  quicklime  and  distil  the 
mixture ;  a  liquid  boiling  at  about  66°  C. 
comes  off,  which  tastes  like  a  spirit ;  it  is  called 
wood  spirit.  It  burns  to  carbon  dioxide  and 
water.    When  its  percentage  composition  and 
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molecular  weight  are  determined,  we  find  that 
it  has  the  molecular  composition  represented 
by  CH40. 

Take  some  malt  or  a  solution  of  sugar  in 
water,  warm  it  to  about  25°  C.  and  put  some 
yeast  into  the  mixture,  the  yeast  begins  to 
"  work,"  the  mixture  froths,  and  in  two  or  three 
days  the  working  stops.  Now  place  the  mixture 
in  a  large  flask,  attach  a  condenser  (Fig.  5)  and 
warm.  In  a  short  time  a  liquid  begins  to  distil 
over,  which  has  the  characteristic  taste  of  spirit. 
Mix  this  liquid  with  quicklime  and  distil 
again,  the  distilled  liquid  will  now  burn  when  lit, 
and  is  spirit  of  wine  or  alcohol.  Its  molecular 
composition  is  represented  by  the  formula 
C2H60. 

Now  the  molecule  of  wood  spirit,  CH40, 
bears  the  same  relation  to  that  of  marsh  gas, 
CH4,  as  the  molecule  of  spirit  of  wine,  C2H60, 
does  to  that  of  ethane,  C2H6,  and  they  appear 
similar  bodies.  Perhaps  we  can  throw  some 
light  on  their  composition  by  considering  marsh 
gas  and  ethane  first.  The  first  difference 
p  2 
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noticed  in  the  molecules  being  the  presence  of 
oxygen  in  the  spirits,  we  should  naturally 
expect  to  be  able  to  pass  from  the  hydrocarbons 
to  the  spirits  by  oxidation,  but  if  we  try  to 
oxidize  methane  or  ethane  we  cannot  get  any 
spirit,  but  only  carbon  dioxide  and  steam. 
Take  some  chloride  of  phosphorus  (the  solid 
pentachloride  is  used)  and  drop  it  into  either 
spirit ;  there  is  a  reaction,  and  the  gases  methyl 
chloride,  CH3C1,  and  ethyl  chloride,  C2H5C1, 
are  formed  respectively.  The  molecule  of  the 
spirit  loses  one  oxygen  and  one  hydrogen  atom, 
and  their  places  are  taken  by  a  single  chlorine 
atom. 

This  reaction  suggests  that  we  may  be  able 
to  pass  from  the  hydrocarbons  by  means  of  these 
chlorine  derivatives,  which  are  soluble  in  water. 
If  methyl  or  ethyl  chloride  is  passed  into 
caustic  potash  and  the  mixture  is  allowed  to 
stand  for  some  time  and  then  distilled,  we  find 
the  corresponding  spirit  containing  oxygen 
has  distilled  over,  leaving  potassium  chloride 
behind. 
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Now  we  can  explain  the  reaction  and  the 
composition  of  the  wood  spirit  if  we  assume 
that  the  chlorine  atom  is  replaced  by  the  one 
oxygen  and  one  hydrogen  atom  in  the  form  of 
the  — OH  (hydroxyl)  group  of  the  caustic 
potash,  thus  KOH  acting  on  CH3C1  gives 
KC1  and  CH3OH. 

Similarly  spirit  of  wine  becomes  C2H5OH, 
and  both  may  be  represented  by  formulae  which 
show  the  way  in  which  the  atoms  may  attract 
each  other,  thus — 

H  H  H 

I  I  I 

H — C — 0 — H  IT — C  — C — 0 — H 

I  I  I 

H  H  H 

Wood  spirit.  Spirit  of  wine. 

It  is  seen  that  both  these  bodies  contain  a 

characteristic  carbon  atom  combined  with  two 

hydrogen  atoms  and  a  group  of  one  oxygen  and 

one  hydrogen  atom,  the  hydroxyl  group  ;  this 

group  of  atoms,  — CH2OH,  is  called  the  primary 

alcohol  group,  and  the  bodies  are  called  methyl 

alcohol  and  ethyl  alcohol  respectively.  We 

have  thus  been  able  to  oxidize  one  hydrogen 
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atom  of  the  hydrocarbons  to  a  hydroxyl  group 
by  the  stratagem  of  replacing  the  hydrogen 
atom  by  a  chlorine  atom,  and  then  replacing 
the  chlorine  atom  by  the  oxygenated  group 
— OH,  or  hydroxyl. 

These  bodies,  the  alcohols,  have  many  charac- 
teristic properties. 

They  are  liquids,  lighter  than  water,  with 
a  characteristic  spirituous  smell  and  taste. 
Apply  a  taper  to  small  quantities  of  each,  they 
burn. 

Mix  a  small  quantity  of  each  with  sulphuric 
acid  and  warm  for  some  time  in  a  flask.  Pour 
the  mixture  when  cold  into  water  in  a  large 
basin,  and  add  chalk  to  the  solution  till  it  is 
neutral.  Boil  and  filter.  Add  potassium 
carbonate  to  the  clear  solution  until  no  more 
chalk  is  precipitated,  and  then  filter  and 
evaporate  the  solution  to  dryness.  A  crystal- 
line solid  is  left,  which  contains  potassium  and 
chars  on  heating. 

Boiling  with  caustic  potash  shows  that  this 
solid  contains  alcohol  in  some  way,  since  alcohol 
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distils  off.  It  is  also  a  sulphate.  Its  compo- 
sition agrees  with  the  formula  CH3KS04 
for  the  methyl  compound  and  C2H5KS04 
for  the  ethyl  compound.  In  fact  we  have 
been  able  to  make  from  alcohol,  salts  cor- 
responding in  composition  to  the  sulphates, 
and  which  are  sulphates  in  which  the  place 
of  one  atom  of  hydrogen  is  filled  by  the  groups 
of  carbon  and  hydrogen  atoms  CH3  and  C2H5 
respectively. 

Many  other  acids  react  with  the  alcohols 
in  a  similar  way,  so  that  we  can  say  that  the 
alcohols  resemble  the  base  caustic  potash — 
CH3|OH  K;0H 

in  containing  the  hydroxyl  group,  but  that 
they  contain  the  groups  of  carbon  and  hydrogen 
atoms  CH3  and  C2H5  respectively  playing  the 
same  part  as  an  atom  of  the  metal  potassium. 
These  groups  are  called  the  methyl  and  ethyl 
groups  respectively,  and  the  hydrocarbons  may 
be  considered  as  their  hydrogen  compounds  or 
hydrides,  CH3H  and  C2H5H. 
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In  addition  to  its  properties  as  a  base,  alco- 
hol has  many  other  important  characteristics. 

It  dissolves  many  organic  bodies  which  are 
insoluble  in  water,  including  colouring  matters, 
fats,  oils  and  resins. 
Ethylene.  Heat  some  of  the  potassium  ethyl  sulphate 
with  sulphuric  acid  (or  more  easily  alcohol  with 
excess  of  sulphuric  acid)  to  a  temperature  not 
exceeding  160°  C. ;  a  gas  is  given  off  which  is 
insoluble  in  water  and  may  be  collected  over  it. 
It  burns  with  a  luminous  flame  to  carbon  dioxide 
and  steam,  and  has  the  composition  represented 
by  the  formula  C2H4.  The  gas  is  called  ethy- 
lene, and  differs  from  ethane  in  having  two 
hydrogen  atoms  fewer  in  the  molecule.  Take  a 
cylinder  of  ethylene  and  one  of  chlorine  gas 
and  put  them  mouth  to  mouth  ;  the  chlorine 
colour  disappears,  the  gases  combine,  no 
hydrochloric  acid  gas  is  formed,  and  we  get  oily 
drops  containing  both  the  ethylene  and  the 
chlorine,  ethylene  dicliloride,  represented  by 
C2H4C12.  The  ethylene  has  evidently  combined 
with   two   atoms    of   chlorine,    to   form  an 
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addition  product  instead  of  a  replacement  or 
substitution  derivative  ;  for  this  reason  ethylene 
is  called  an  unsaturated  hydrocarbon. 

Heat   some   of  the   potassium   methyl  or  Ether. 
ethyl  sulphate  with  methyl  or  ethyl  alcohol 
respectively  (or  more  easily  the  alcohols  with 
sulphuric  acid  and  water)   to  about  140°  C. 
Pleasant  smelling  liquids  distil  off,  called  ethers. 

These  ethers  bear  the  same  relation  to  the 
alcohols  as  the  oxides  of  the  metals  do  to  the 
bases  or  hydroxides,  and  are  the  oxides  of  the 
methyl  or  ethyl  groups  or  radicles. 

CH3^-n  C2H5  n  K-^n 

OH3  OH  C2H5  OH  K  OH 

Ordinary  ether,  viz.  ethyl  ether  (C2H5)20,  is 
largely  used  in  agricultural  analysis  owing  to 
the  fact  that  it  dissolves  fats,  and  can  remove 
them  even  when  suspended  in  water,  as  in  milk, 
cream,  &c.,  hence  it  is  used  for  extracting  fat 
in  milk  and  oil-cake  analysis. 

Just  as  we  find  inorganic  bases  which  aiyceru 
contain  more  than  one  hydroxyl  group  and 
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which  are  capable  of  combining  with  or  neu- 
tralizing more  than  one  molecule  of  acid, 
e.g.  Ca(OH):,  so  we  should  expect  to  find 
organic  bases  which  can  combine  with  more 
than  one  molecule  of  acid. 

Take  some  mutton  or  beef  suet,  or  lard,  and 
boil  it  with  lead  oxide  and  water  for  one  hour. 
Cool,  filter  and  evaporate  the  solution.  A 
syrupy  liquid  with  a  sweet  taste  is  left.  This 
liquid  is  glycerine,  and  is  represented  by  the 
formula  C3H803.  (Glycerine  is  generally 
prepared  by  distilling  the  pure  fats  directly 
with  steam  under  pressure.) 

We  cannot  easily  separate  the  three  atoms 
of  carbon,  so  that  we  believe  that  the  body  is 
derived  from  the  hydrocarbon,  propane,  C3Ha. 
How  can  we  explain  its  properties  ? 

If  glycerine  is  treated  with  a  strong  solution 
of  hydrochloric  acid,  or  better,  phosphorus 
pentachloride,  the  molecule  of  glycerine  loses 
three  hydroxyl  groups  and  their  place  is 
taken  by  three  chlorine  atoms,  thus — 

C8H803  becomes  C3H5C18 
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These  three  chlorine  atoms  act  in  a  similar 
way  to  the  chlorine  atom  of  ethyl  chloride,  and 
the  best  explanation  of  the  fact  is  that  the 
glycerine  molecule  contains  three  hydroxyl 
groups  instead  of  three  atoms  of  hydrogen,  thus 
being  an  alcohol,  with  three  basic  hydroxyl 
groups  which  can  combine  with  acids — 

H  H  H 

I     I  I 
H — C — C — C — H 

I     I  I 

0  0  0 

1  I  I 

H  H  H 

The  alcohols,  including  glycerine,  in  com- 
bination with  acids  play  a  very  important  part 
in  plant  and  animal  life,  as  will  be  seen  a  little 
later. 


CHAPTEE  XVIII. 


ALDEHYDES — SUGARS. 

Having  obtained  the  important  class  of  bodies, 
the  alcohols,  when  we  oxidize  the  hydrocarbons 
by  introducing  a  hydroxyl  group  in  place  of  a 
hydrogen  atom,  we  now  proceed  to  find  out 
whether  we  can  make  any  more  bodies  by 
further  oxidation. 

Take  some  ethyl  alcohol  (methylated  spirit) 
and  drop  it  carefully  into  a  warm  mixture  of 
potassium  bichromate  and  dilute  sulphuric  acid. 
The  colour  of  the  solution  changes  from  yellow 
to  green,  and  at  the  same  time  the  smell  of  the 
alcohol  changes  and  becomes  more  fruity.  Now 
potassium  bichromate  when  heated  with  strong 
hydrochloric  acid  gives  off  chlorine  and  turns 
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green,  and  when  heated  with  strong  sulphuric 
acid  gives  off  oxygen  and  turns  green ;  both 
these  facts  show  that  potassium  bichromate 
is  likely  to  act  as  an  oxidizing  agent,  so  that  it 
is  not  improbable  that  the  new  body  is  an 
oxidized  product  of  alcohol. 

Take  a  large  flask  fitted  with  a  condenser 
and  place  50  gm.  of  bichromate  of  potash  in  it, 
pour  in  a  mixture  of  60  cc.  of  alcohol,  and  40 
cc.  of  sulphuric  acid.  Warm  the  mixture  gently 
on  a  water  bath.  Collect  the  distillate  in  a 
flask ;  it  has  a  very  characteristic  fruity  smell 
and  boils  at  a  temperature  of  21°  C.  Pour  a 
few  drops  into  a  basin  and  put  a  lighted  taper 
to  it ;  the  liquid  burns  like  spirit. 

Take  some  of  the  distillate  and  add  to  it  a 
strong  solution  of  caustic  potash  and  boil ;  the 
solution  turns  yellow  and  then  brown  and  is 
said  to  resinify.  Boil  some  pure  alcohol  with 
caustic  potash ;  no  colour  change  is  noticed, 
showing  that  our  solution  has  a  new  pro- 
perty accompanying  the  new  smell. 

Make  a  solution  of  nitrate  of  silver,  add 
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dilute  ammonia  till  the  brown  precipitate  first 
formed  redissolves,  and  then  add  caustic  potash 
solution  till  a  precipitate  just  reappears ;  this 
solution  is  much  used  in  organic  chemistry  and 
may  be  called  ammoniacal  silver  nitrate  solution. 
Add  a  few  drops  of  the  distillate  to  some  of  this 
solution  in  a  test  tube,  in  a  very  short  time  it 
turns  brown  and  the  test  tube  becomes  coated 
with  a  mirror  of  metallic  silver,  the  silver 
mirror. 

Take  a  solution  of  copper  sulphate  and  add 
to  it  a  solution  of  potassium  sodium  tartrate 
(Eochelle  salt)  and  then  caustic  potash  till  the 
solution  becomes  violet ;  this  solution  is  called 
Fehling's  solution.  Warm  some  of  the  Fehling  s 
solution  and  add  a  few  drops  of  the  distillate. 
The  colour  of  the  copper  solution  is  destroyed 
and  a  red  precipitate  of  the  red  cuprous  oxide 
Cu20  appears.  This  cuprous  oxide  becomes 
black  cupric  oxide,  GuO,  when  heated  in  air. 

Now  the  original  alcohol,  if  pure,  does  not 
act  upon  nitrate  of  silver  or  copper  salts  in  this 
way,  and  the  production  of  metallic  silver  or 


A  Idekydes — Sugars  223 

cuprous  oxide  in  place  of  an  oxide  or  higher 
hydroxide  of  the  base  involves  a  reducing  action, 
so  that  we  have  evidently  been  able  to  make 
from  alcohol  a  body  with  a  new  smell  and  new 
properties.  We  call  it  ethyl  aldehyde,  or  more 
shortly,  aldehyde.  Mix  some  of  the  solution 
with  ether  and  pass  in  dry  ammonia  gas;  a 
white  solid  forms,  which  when  collected  and 
boiled  with  caustic  potash  turns  brown  and 
gives  off  ammonia,  or  when  boiled  with  dilute 
hydrochloric  acid  gives  a  mixture  of  aldehyde 
and  ammonium  chloride,  from  which  the 
aldehyde  is  separated  in  a  pure  state  by 
distillation. 

When  burned  by  red-hot  copper  oxide,  the 
percentage  composition  is  found  to  be — 

Carbon  =  54*54 
Hydrogen  =  9*10 
Oxygen    =  36*36 

100*00 

which  agrees  with  the  formula  C2H40 ;  this 
is  also  found  to  represent  the  molecular  weight. 
We  can  best  explain  its  formation  from  alcohol 


224 


Chemistry 


and  its  properties  by  representing  it  by  the 
following  arrangement  of  atoms  in  the  molecule 


H 


TT 

H— C— C    n>  the  formulae  for  alcohol  and  ethane 

I  ^° 
H 


H  H 


H  H 


being    H — C — C — 0 — H     and     H — C — 0 — H 

I     I  II 
H    H  H  H 


respectively. 

The  relations  of  aldehyde  with  alcohol  are, 
however,  much  more  clearly  seen  when  we 
investigate  it  more  closely  and  find  that  it 
easily  combines  with  water  or  an  equivalent, 
e.g.  ammonia,  molecule  with  molecule,  without 
changing  its  properties.    The  formula  may  be 


H  H 

I  I 
H— C— C— O-i 


represented  as 


H 


and  it  in- 
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dicates  that  aldehyde  may  either  play  the  part  of 
the  water  compound  or  not.  It  also  shows  the 
relationship  of  the  two  bodies  by  the  oxidation 
in  the  case  of  the  aldehyde,  of  two  hydrogen 
atoms  attached  to  a  single  carbon  atom  into  two 
hydroxy!  groups. 

Pure  aldehyde  does  not  change  in  air,  but 
when  mixed  with  strong  sulphuric  acid  it 
undergoes  a  curious  change  and  its  boiling- 
point  suddenly  rises :  this  is  not  accompanied 
by  any  change  in  percentage  composition,  but 
the  molecular  weight  is  found  to  be  three  times 
as  great  as  it  was  before  ;  it  is  now  represented  by 
the  formula  (C2H40)3.  Such  a  change  is  called 
a  polymerization,  and  (C2H40)3  or  paraldehyde 
is  said  to  be  a  polymer  of  aldehyde,  C2H40. 

If  we  cool  the  aldehyde  to  0°  C.  before  mixing 
with  the  strong  sulphuric  acid  the  aldehyde 
becomess  olid  metaldehyde,  another  polymer  of 
high  molecular  weight. 

Again,  take  some  fruit  sugar,  grape  sugar,  sugars. 
glucose,  or  honey,  and  boil  it  with  (i)  strong 
caustic  potash  solution,  (ii)  caustic  potash  and 
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copper  sulphate  solution,  and  (iii)  ammoniacal 
silver  nitrate  solution.  The  solids  in  solution 
act  like  aldehyde  and  the  substances  are  classed 
with  aldehyde.  The  percentage  composition 
and  molecular  weight  of  fruit  sugar  corresponds 
with  the  formula  C6H12Oc,  which  can  be 
arranged  to  show  its  reactions  thus  : — 

H  H  H  H  H  H 

I     I     I     I     I  I 

H— C— C — C — C— C — C— O 

I     I     I     I  I 

0   0   0   0  0 

I  I  I  I  I 

H  H  H  H  H 
It  is  represented  as  an  aldehyde. 

Take  some  cane  sugar  and  test  it  with  potash, 
potash  and  copper  sulphate  solutions,  and 
ammoniacal  silver  nitrate  solution  as  before ; 
no  change  is  noticed,  but  if  the  cane  sugar  is 
first  boiled  with  dilute  sulphuric  acid  it  is  found 
to  act  like  aldehyde  after  a  short  time.  In  fact 
it  is  changed  by  the  addition  of  water,  i.e. 
hydrolysis,  into  grape  sugar,  so  that  cane  sugar 
is  more  complicated  than  grape  sugar :  this  is 
shown   by  the  percentage  composition  and 
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molecular  weight  which  give  us  the  formula 
C12H22Ou  =  2C6H1206-H20.  This  sugar  also 
contains  an  aldehyde  grouping. 

Take  some  starch  and  boil  it  for  some  time 
with  dilute  sulphuric  acid.  The  starch  solution 
becomes  clear,  and  when  neutralized  with  dilute 
caustic  potash  solution,  tastes  sweet. 

Boil  some  of  either  solution  with  strong- 
caustic  potash  solution,  caustic  potash  and 
copper  sulphate  solutions,  and  ammoniacal 
silver  nitrate  solution.  In  each  case  the 
solution  of  starch  acts  like  aldehyde,  while  the 
original  starch  like  cane  sugar  does  not  readily 
change  these  solutions. 

Again,  add  some  solution  of  iodine  in  potassium 
iodide  to  some  boiled  starch  paste  ;  it  is  turned 
blue,  a  reaction  which  is  characteristic  of  starch. 
Now  add  some  of  the  iodine  solution  to  the 
starch  which  has  been  boiled  with  dilute 
sulphuric  acid ;  no  change  takes  place  at  all,  or 
it  may  turn  slightly  red,  showing  that  the 
starch  disappears  when  the  sugar  appears. 
This  reaction  is  not  improbable  from  the 
Q  2 
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formula  of  starch,  which  corresponds  with 
(C12H20O10)n,  where  n  is  possibly  3. 
Dextrin.  Heat  some  starch  in  the  oven  for  a  short 
time ;  it  gains  a  sweet  smell  and  becomes 
soluble  in  water.  It  now  turns  iodine  solution 
brown,  and  does  not  change  Fehling's  solution, 
so  that  it  is  neither  starch  nor  sugar.  Boil 
some  with  dilute  sulphuric  acid  ;  it  now  gives 
the  tests  for  sugar,  and  has  been  turned  into 
sugar.  This  new  body  is  called  dextrin,  and  is 
represented  by  the  formula  C12H20O1().  Other 
bodies  of  the  same  formula  are  very  important 
in  physiology,  and  will  be  referred  to  again 
when  dealing  with  the  subject  of  digestion. 

The  starch,  dextrin,  cane  sugar  and  grape 
sugar  are  representatives  of  four  great  divisions 
of  the  carbohydrates,  the  organic  bodies  in 
which  the  ratio  of  hydrogen  to  oxygen  is  the 
same  as  it  is  in  water.  The  relations  of  the 
different  carbohydrates,  their  solubilities,  and 
the  way  in  which  they  change  into  one  another, 
are  of  the  utmost  importance  in  both  plant  and 
animal  life ;  their  further  study,  however,  must 
be  deferred. 
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These   four   classes   of  carbohydrates  are 
named — 

Amyloses — starch,  glycogen      .       .  (CiaH2oOio)n 

Dextrins   C12H2oOio 

Saccharoses — cane,   malt    and  milk 

sugars     .       .       .  .       .  C12H220n 

Glucoses — grape  sugar      .       .       .  C6H1206 

If  we  start  with  wood  spirit  (or  methyl  For^fede' 
alcohol)  instead  of  ordinary  ethyl  alcohol,  and 
oxidize  it  by  means  of  potassium  bichromate 
and  sulphuric  acid,  collecting  the  distillate  as 
before,  the  product  formed  possesses  all  the 
properties  of  an  aldehyde.  This  aldehyde  is 
found  on  analysis  to  contain  in  its  molecule  the 
smallest  possible  number  of  carbon  atoms,  viz. 
one.  It  is  called  formaldehyde,  and  is  repre- 
sented by  CH20,  or  HCHO,  or— 

H 

/ 


H 


/ 


H— C 


or 


^0 


H— C — 0-i 
1 

O 


J  J 


-H 


H 


corresponding  with  methyl  alcohol,  H— C— 0— H. 
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It  has  the  same  percentage  composition  as  grape 
sugar,  C6H1206,  and  it  polymerizes  very  easily ; 
in  fact  there  is  little  doubt  that  it  is  one  of  the 
forerunners  of  sugar  in  the  life  of  green  plants, 
which  form  it  indirectly  out  of  carbon  dioxide 
taken  from  the  air  and  water  taken  from  the 
soil. 


CHAPTER  XIX. 


ACIDS — ETHEREAL  SALTS. 

Oxidation  has  proved  as  successful  in  the 
organic  as  in  the  inorganic  world,  so  that  we 
try  its  effect  once  more. 

Take  a  flask  and  fit  it  with  a  cork  and  long 
straight  piece  of  glass  tubing.  Put  some 
potassium  bichromate  and  dilute  sulphuric 
acid  in  the  flask,  and  a  small  quantity  of 
aldehyde.  Keep  the  mixture  simmering  on  a 
water  bath ;  the  smell  of  aldehyde  becomes 
fainter,  and  soon  almost  disappears.  Now 
fit  a  bent  tube  and  condenser,  and  distil. 
The  liquid  which  condenses  smells  like  vinegar, 
and  turns  blue  litmus  red.  It  is  not  sulphuric 
acid,  as  it  does  not  give  a  precipitate  with 
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barium  chloride,  and  it  is  not  coloured,  so  is  not 
an  acid  chromium  compound.  It  will  burn  when 
boiling,  and  leaves  no  residue.  It  dissolves 
copper  oxide,  forming  a  blue  solution,  but  when 
more  copper  oxide  is  added  and  the  dry  mixture 
heated,  we  find  that  carbon  dioxide  is  formed, 
so  the  acid  solution  contains  carbon. 

Neutralize  the  acid  solution  with  caustic 
soda,  carbonate  of  soda,  or  chalk,  and  evaporate 
to  dryness. 

Place  the  dry  solid  in  a  retort  and  pour  on 
it  some  strong  sulphuric  acid  and  heat  the 
mixture  gently ;  in  a  short  time  a  liquid  distils 
over,  which  when  condensed  is  found  to  have  a 
strong  smell  of  vinegar.  It  boils  at  118°  C,  and 
when  cooled  freezes  to  a  glassy  solid  at  about 
17°  C.  The  freezing  point  is  made  much  lower 
by  the  presence  of  only  a  small  quantity  of 
water,  so  that  it  is  used  as  a  test  for  the  purity 
of  the  substance.  It  is  strongly  acid,  and  is 
neutralized  by  alkalies  forming  salts. 

Analysis  shows  that  it  has  the  percentage 
composition  represented  by  the  formula  C2H40.,, 
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and  this  is  found  to  agree  with  the  molecular 
weight  of  the  body.    It  is  called  acetic  acid. 

Comparing  the  formula  C2H40.2  with  those 
of  aldehyde,  from  which  it  is  formed  directly, 
and  alcohol,  from  which  it  is  formed  indirectly, 

we  see  that — 

C2H402  =  C2H40  +  O 

=  C2H60  +  20  -  H20 

This  when  expressed  in  words  is : — Each 
molecule  of  acetic  acid  contains  one  atom  more 
of  oxygen  than  a  molecule  of  aldehyde,  and  two 
atoms  of  oxygen  more  and  one  molecule  of 
water  less  than  a  molecule  of  the  alcohol  from 
which  it  is  derived. 

Again,  when  any  vegetable  liquid  containing 
alcohol  and  sugar  is  exposed  to  the  air,  it 
generally  ferments  and  goes  sour.  If  the 
sour  liquid  is  neutralized  with  chalk,  boiled, 
filtered  and  evaporated  to  dryness,  and  the 
residue  distilled  with  sulphuric  acid  as  above,  a 
liquid  distils  off  which  is  found  to  be  identical 
with  the  acetic  acid  prepared  by  the  oxidation 
of  aldehyde.  This  acid  is  prepared  on  a  large 
scale  by  the  action  of  the  vinegar  plant  on  an 
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extract  of  malt  or  any  weak  alcoholic  liquid, 
and  it  is  the  vinegar  of  commerce.  Pure  acetic 
acid  is  prepared  from  vinegar  as  above. 

Again,  when  wood  is  distilled  in  retorts  the 
distillate  is  found  to  be  sour  from  acetic  acid, 
and  it  is  prepared  in  large  quantities  from  wood 
by  this  method  and  sold  as  wood  vinegar  or 
pyroligneous  acid. 

Many  salts  of  acetic  acid  have  been  prepared, 
and  those  of  sodium,  calcium,  copper,  and  iron 
are  among  the  most  useful.  We  have  already 
prepared  the  first  two. 

Dissolve  some  carbonate  of  copper  in  acetic 
acid  and  evaporate  the  solution,  green  crystals 
of  an  acetate  of  copper  are  formed.  Precipitate 
a  solution  of  copper  sulphate  by  a  mixture  of 
sodium  acetate  and  caustic  soda  solutions,  a 
blue  green  precipitate  at  once  falls,  and  is  used 
as  a  pigment  under  the  name  of  verdigris  ;  its 
composition  shows  less  acetic  acid  than  is 
required  to  form  acetate  of  copper  with  the 
copper  it  contains,  and  so  it  is  a  basic  salt 
resembling  the  basic  phosphate  of  lime,  basic  slag. 
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Add  some  acetate  of  soda  solution  to  ferric 
chloride  solution,  it  turns  red,  but  no  precipitate 
is  formed.  Now  boil  the  mixture,  it  turns 
brown  and  a  precipitate  forms,  while  the 
solution  becomes  colourless.  Test  the  solution 
by  means  of  potassium  ferrocyanide,  it  is  free 
from  iron,  so  that  the  whole  of  the  iron  has 
been  removed  from  the  solution  in  the  process. 
Collect  the  precipitate  and  boil  some  of  it  with 
sulphuric  acid.  The  smell  shows  that  it 
contains  acetic  acid,  and  the  solution  now  gives 
the  tests  for  iron ;  as  in  the  case  of  copper,  the 
precipitate  is  a  basic  salt.  This  reaction  is 
much  used  in  agricultural  chemistry  to  separate 
iron  from  phosphoric  acid. 

We  should  like  our  formula  of  acetic  acid 
to  represent  all  these  facts  as  far  as  pos- 
sible. 

When  alkalies  neutralize  the  acid,  the  salts 
they  form  contain  the  metal  of  the  base  in 
place  of  one  atom  of  hydrogen.  We  shall 
naturally  represent  this  peculiar  property  of 
one  of  the  hydrogen  atoms  by  giving  it  a  special 
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position  in  the  molecule,  thus  H.C2H302  may 
be  supposed  to  represent  the  acid. 

Again,  phosphorus  pentachloride  removes  one 
oxygen  and  one  hydrogen  atom  from  the 
molecule  and  replaces  them  by  one  chlorine 
atom,  giving  the  compound  C2H30C1,  acetyl 
chloride,  so  that  the  acid  contains  one  hydroxyl 
group,  or  may  be  represented  by  C2H3O.OH. 

But  when  caustic  soda  acts  upon  acetyl 
chloride,  C2H30C1,  it  replaces  the  chlorine  atom 
by  one  oxygen  and  one  sodium  atom,  so  that 
it  is  likely  that  the  hydrogen  atom  of  the  mole- 
cule which  is  replaced  by  sodium  under  the 
action  of  caustic  soda  is  the  same  as  that  which 
is  removed  by  phosphorus  pentachloride  with 
an  oxygen  atom  in  the  form  of  the  hydroxyl 
group. 

Again,  chlorine  acts  upon  the  acid  and 
replaces  one,  two,  or  three  hydrogen  atoms 
by  chlorine  without  destroying  its  characteristic 
acid  properties,  and  it  leaves  one  hydrogen 
atom  still,  which  can  be  replaced  by  sodium, 
and  one  hydroxyl  group,  which  can  be  replaced 


Acids — Ethereal  Salts  237 


by  chlorine  when  acted  on  by  phosphorus 
pentachloride.  This  makes  us  believe  that 
three  of  the  hydrogen  atoms  are  arranged  in 
a  similar  manner  in  the  molecule,  while  the 
fourth  is  differently  situated. 

All  these  facts  taken  together  with  the  mode 
of  formation  from  aldehyde  and  alcohol  by 
oxidation,  show  that  we  can  best  represent  the 
reactions  and  properties  of  acetic  acid  by  the 

H  O 

formula  CH3COOH  or  H-C-C-O-H. 

H 

We  can  in  some  cases  better  explain  the 
relations  of  the  acid,  as  in  the  case  of  aldehyde, 
by  representing  it  as  containing  a  carbon  atom 
to  which  three  hydroxyl  groups  are  attached, 
though  these  split  off  water  as  a  general 
rule. 

We  are  now  in  a  position  to  compare  the  comparison 

of  oxygen 

result  of  oxidizing  a  hydrocarbon,  e.g.  ethane,  comP°und8> 
with  those  of  oxidizing  an  element,  e.g.  man- 
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ganese.  In  the  latter  case  we  can  compare  the 
oxides  or  hydroxides. 

Products.      Hydrocarbon.  Element. 

Ethane.  Manganese, 
I.       Alcohol,  a  base.  Manganous  hydroxide, 

a  base. 

II.       Aldehyde,  basic  Manganese  dioxide,  a 

and  acid.  peroxide,   basic  and 

acid. 

III.       Acetic  acid,  an  Manganic     acid,  an 

acid.  acid. 

In  the  case  of  many  elements,  more  especially 
the  metals,  only  the  first  effect  is  noticed,  i.e. 
the  production  of  a  basic  oxide ;  in  the  case  of 
others,  more  especially  the  non-metals,  only  the 
last  effect,  i.e.  the  production  of  an  acid  oxide ; 
but  on  the  whole  the  effect  of  oxidation  seems 
to  be  similar  in  both  cases. 

Just  as  the  alcohols  combine  with  hydro- 
chloric and  sulphuric  acids,  forming  organic 
chlorides  and  sulphates,  and  as  acetic  acid 
combines  with  metallic  bases,  forming  salts,  so 
we  might  expect  that  acetic  acid  and  alcohol 
would  combine  to  form  a  wholly  organic 
salt. 

Mix  some  alcohol  with  some  acetic  acid  and 


Acids — Ethereal  Salts  239 


distil  the  mixture,  little  or  no  change  takes 
place.  Can  we  explain  this  ?  Is  it  possible 
that  we  may  have  overlooked  some  action 
between  the  products?  When  an  acid  acts 
upon  a  base,  a  salt  and  water  should  be  formed ; 
perhaps  it  would  be  as  well  in  this  case  to  try 
the  effect  of  removing  the  water  before  giving 
up  the  attempt.  Two  methods  are  used  for  this 
purpose  :  (i)  pass  dry  hydrochloric  acid  gas  into 
the  mixture  of  acid  and  alcohol,  and  (ii)  heat 
the  mixture  with  concentrated  sulphuric  acid ; 
the  latter  requires  less  apparatus,  so  we  should 
try  it  first. 

Make  a  mixture  of  20  cc.  of  alcohol  and 
20  cc.  of  acetic  acid  and  run  into  an  excess 
of  concentrated  sulphuric  acid  heated  to  130°  C. ; 
warm  a  little  of  the  mixture  in  a  test  tube  and 
smell  it;  a  characteristic  fragrant  smell  is 
noticed. 

Put  the  rest  of  the  mixture  (or  more  simply 
a  mixture  of  sodium  acetate,  alcohol  and 
sulphuric  acid)  into  a  flask  fitted  with  a 
condenser  and  heat  gently.    A  light  mobile 
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liquid  distils  off,  with  the  characteristic  smell 
noted  above.  This  liquid  is  not  very  soluble 
in  water,  but  is  slowly  decomposed  by  it  into  a 
mixture  of  alcohol  and  acetic  acid ;  acids  and 
alkalies  decompose  it  more  quickly.  The 
liquid  is  a  salt  of  alcohol  and  acetic  acid,  ethyl 
acetate  or  acetic  ester,  and  it  is  represented 

by  the  formula  CH3— C^OCH'    ^  *s  one  °^ 

the  first  representatives  of  a  very  large  and 
important  class  of  bodies,  the  ethereal  salts  or 
esters.  A  very  large  number  of  the  essential 
oils  contained  in  plants  and  of  the  fats  and 
oils  of  plants  and  animals  are  decomposed 
by  potash  or  soda  into  a  mixture  of  an 
alcohol  and  a  potassium  or  sodium  salt  of  an 
organic  acid.  Many  of  these  ethereal  salts  are 
of  great  importance  in  feeding,  and  we  shall 
find  that  some  of  them  are  essential  to  the 
keeping  up  of  health. 

We  may  now  proceed  to  study  some  of  the 
important  organic  acids. 
Formic  acid.     If  we   start   with   methyl   alcohol  or  it* 


Acids — Ethereal  Salts  241 


aldehyde  and  oxidize  it  by  the  bichromate 
mixture,  we  get  an  acid  with  only  one 
carbon  atom  per  molecule,  i.e.  the  acid  with  the 
smallest  possible  carbon  content.    This  is  formic 

acid,   H— C^qjjj   and  its  properties  are  very 

similar  to  those  of  acetic  acid.  It  is  the  acid 
which  is  present  in  the  bodies  of  red  ants  and 
in  the  hairs  of  the  stinging  nettle,  but  is  not 
specially  important  at  this  stage. 

The  water  with  which  butter  is  washed  *%$He 
has  a  characteristic  smell  of  butter,  and  when 
it  is  evaporated  to  dryness  with  a  small 
quantity  of  chalk  leaves  a  salt.  This  salt 
is  more  easily  made  by  the  action  of  one  of  the 
microbes  of  hay  infusion  upon  starch.  (Hay  is 
stirred  in  water,  strained  off  and  the  infusion 
boiled  for  five  minutes.  The  extract  is  then  mixed 
with  starch,  potassium  phosphate,  ammonium 
sulphate  and  chalk,  and  allowed  to  stand  about 
ten  days.)  The  salt  when  mixed  with 
sulphuric  acid  and  water  gives  a  mixture  of 
calcium  sulphate  and  a  new  acid  which  burns 

VOL.  I.  R 
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when  it  is  heated  and  a  light  applied  to  it.  It 
has  a  composition  agreeing  with  the  presence 
of  four  carbon  atoms  in  its  molecule.  It  is 
called  butyric  acid,  and  is  represented  by 
CH  —  CH  —  CH2-COOH.  The  salts  of 
butyric  acid  are  called  butyrates,  and  the  most 
important  is  the  butyrate  of  glycerine,  which  is 
characteristic  of  butter  fat,  of  which  it  makes 
up  about  8  per  cent. 
Palmitic  Boil  some  mutton  or  beef  suet  with  caustic  soda 
adds.  and  water.  The  fat  dissolves,  forming  a  frothy, 
viscous  solution.  Allow  the  solution  to  stand, 
and  if  it  is  sufficiently  strong  it  sets  to  a  hard 
soap.  If  it  does  not  solidify,  add  some  common 
salt  to  the  solution,  and  curds  of  white  soap, 
curd  soap,  separate  out  and  rise  to  the  top. 
(Soap  is  almost  insoluble  in  salt  water,  so  that 
sea  water  is  not  satisfactory  to  wash  in.)  The 
solution,  as  we  already  know,  contains  glycerine. 
Collect  some  of  these  curds  of  soap,  or  take 
some  shavings  of  curd  soap  and  boil  them  with 
water  till  they  dissolve.  When  cool  add 
hydrochloric  acid  or  dilute  sulphuric  acid  to 
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the  solution.  White  flocks  are  again  seen 
separating  out,  and  in  the  solution  nothing  can 
be  found  except  sodium  chloride  or  sulphate. 
From  this  we  should  expect  that  the  curds  of 
soap  are  a  sodium  salt,  since  hydrochloric  acid 
splits  it  into  sodium  chloride  and  another 
body ;  it  is  so  in  this  case.  The  flocks  which 
separate  out  contain  two  acids,  palmitic  acid 
and  stearic  acid,  which  are  represented  by 
the  formula  C15H31COOH  and  C17H35COOH 
respectively. 

All  the  organic  acids  we  have  just  been  f^-dsteries 
studying  have  properties  which  are  similar 
to  those  of  acetic  acid.  Some  of  the  points 
of  difference,  e.g.  boiling  point,  freezing  or 
melting  point,  and  generally  the  properties 
which  we  call  physical  properties,  change 
gradually  as  we  pass  from  each  acid  to  the 
acid  containing  one  more  carbon  atom  in 
its  molecule.  In  fact  the  acids  we  have  in- 
vestigated form  links  in  a  complete  chain  or 
series,  which  includes  many  acids  not  de- 
scribed here,  the  acetic  series  of  acids,  all  of 
B  2 
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which  may  be  represented  by  the  general 
formula  CJI^  +  iCOOH.  The  most  charac- 
teristic point  which  concerns  us  at  present 
is  the  fact  that  all  these  acids  contain  one 
hydrogen  atom  which  is  replaceable  by  metals, 
and  that  this  hydrogen  atom  forms  part  of  a 
characteristic  group  of  atoms,  represented  by 

— COOHor—  C^qjj   and  called  the  carboxyl 

group.    This  carboxyl  group  is  always  con- 
sidered to  be  characteristic  of  organic  acids. 

We  have  just  seen  that  when  soap  made  * 
from  fat  is  mixed  with  dilute  sulphuric  acid 
it  is  split  up  into  flocks  of  fatty  acid  and 
a  sulphate.  Try  the  same  experiment  using 
lard  instead  of  hard  fat ;  the  flocks  which 
appear  are  not  so  hard.  When  these  flocks 
are  made  in  large  quantity,  placed  in  canvas 
bags  and  pressed,  a  yellow  oil  is  squeezed  out, 
leaving  hard  white  cakes  of  stearic  and  palmitic 
acids.  This  oil  combines  with  soda  to  form  a 
soap  which  is  exactly  like  that  prepared  from 
soda  and  olive  oil,  and  it  is  an  acid,  hence 
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called  oleic  acid.  On  analysis  it  is  found  to  be 
represented  by  the  formula  C17HTiCOOH,  which 
only  differs  from  the  formula  of  stearic  acid  by 
containing  two  atoms  of  hydrogen  fewer  in  the 
molecule.  In  fact  the  difference  between  the 
two  acids,  stearic  and  oleic  acids,  is  similar 
to  that  between  ethane  and  ethylene. 

The  soda  or  potash  soaps  or  salts  of  palmitic,  fjw 
stearic  and  oleic  acids  are  soluble  in  water,  and 
the  solutions  make  bubbles  which  last  a  long 
time  without  breaking,  forming  a  lather  when 
the  solutions  are  shaken.  When  the  solution 
has  a  special  strength  bubbles  may  be  blown  of 
very  large  size,  by  means  of  a  glass  tube  or 
tobacco  pipe.,  The  best  solution  to  use  for  this 
purpose  is  made  by  dissolving  1  gm.of  oleate  of 
soda  (white  Castile  soap)  in  40  cc.  of  cold  water 
and  10  cc.  of  glycerine,  adding  a  drop  of 
ammonia ;  it  is  allowed  to  stand  a  few  days  and 
filtered  till  clear. 

While  the  soda  and  potash  soaps  are  soluble 
in  water,  the  salts  of  other  bases  are  not 
equally  soluble.    Make  a  solution  of  soap  and 
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pour  it  into  a  solution  of  calcium  chloride.  A 
white  curdy  precipitate  is  produced  which  is 
insoluble  in  water.  No  soap  can  be  found  in 
the  solution,  but  only  sodium  chloride  and  un- 
changed calcium  chloride.  Add  more  of  the 
solution  of  soap,  it  forms  more  precipitate,  until 
the  whole  of  the  calcium  is  removed  from  the 
solution  ;  after  this  has  taken  place  more  soap 
solution  makes  a  permanent  lather. 

By  means  of  a  solution  containing  a  known 
amount  of  soap  we  can  even  find  out  the 
quantity  of  lime  salt  which  is  in  the  water. 
The  solution  generally  used  is  called  Clark's 
solution.  Dissolve  10  gm.  of  oleate  of  soda  in 
1  litre  of  a  mixture  of  distilled  water  with 
35  per  cent,  of  methylated  spirit.  Measure 
out  70  cc.  of  water  into  a  six-ounce  stoppered 
bottle  and  add  the  solution  from  a  burette, 
1  cc.  at  a  time,  shaking  at  each  addi- 
tion. When  the  solution  makes  a  lather 
which  does  not  break  in  five  minutes,  read 
off  the  number  of  cc.  of  soap  solution  used. 
Now  since  each  cc.  of  the  solution  is  made  to 
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precipitate  1  mg.  of  chalk  dissolved  in  carbonic 
acid,  the  number  of  cc.  taken  gives  us  the 
number  of  milligrams  of  lime  salts  (reckoned  as 
chalk)  dissolved  in  the  70  cc.  of  water  taken. 
(It  is  usual  to  subtract  1  mg.,  since  it  requires 
1  cc.  of  the  soap  solution  to  make  a  permanent 
lather  with  70  cc.  of  pure  distilled  water.)  The 
number  of  milligrams  of  chalk  represents  the 
hardness  of  the  water  in  grains  per  gallon. 

Take  some  of  the  soap  solution  and  shake  it 
in  a  bottle  with  one  or  two  cc.  of  oil ;  the  oil 
breaks  up  into  globules,  which  become  smaller, 
and  finally  form  a  cream  or  emulsion.  In  this 
way  soap,  or  soda  when  used  in  washing  greasy 
surfaces,  removes  the  grease  by  making  it  into 
an  emulsion.  The  same  action  will  be  found  to 
be  important  in  digestion. 

Fats  contain  the  ethereal  salts  of  glycerine,  a  Margarine. 
base,  and  palmitic,  stearic  and  oleic  acids. 
These  fats  have  very  similar  properties,  and  we 
shall  have  to  find  out  whether  they  can  act  in 
a  similar  way  as  foods  later  on.  If  fat  is 
warmed  to  a  temperature  of  25°  C.  and  then 
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pressed  in  a  filter  press,  a  fat  having  nearly  the 
same  properties  as  butter  fat  is  squeezed  out  ; 
this  fat  is  used  largely  when  flavoured  with 
butter  under  the  name  of  oleo -margarine  or 
margarine. 

Just  as  we  find  alcohols  which  have  more 
than  one  hydroxyl  group  in  their  molecules, 
so  we  have  acids  which  we  believe  to  contain 
more  than  one  carboxyl  group  in  their  mole- 
cules, and  these  are  very  important  in  plant 
life  ;  one  of  the  most  characteristic  is  oxalic 
acid. 

Sorrel  and  rhubarb  juice  contain  a  sour  or 
acid  substance  which  may  form  crystals  in  the 
plant.  Evaporate  some  of  the  juice  and  collect 
the  crystals  formed,  called  salt  of  sorrel  (salt 
of  lemon).  Heat  some  of  the  crystals  to  red- 
ness. A  residue  is  left  which  colours  a  flame 
lavender  and  fizzes  when  an  acid  is  added, 
giving  off  carbon  dioxide.  This  residue  is 
potassium  carbonate,  and  salt  of  lemon  is  a 
potassium  salt.  Dissolve  some  of  the  salt  in 
water  and  add  calcium  chloride  solution ;  a 
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very  fine  white  precipitate  is  formed,  insoluble 
in  water  or  dilute  alkalies,  but  soluble  in  acids. 
Filter  off  the  salt,  suspend  the  crystals  in  water 
and  then  boil  for  a  short  time  with  dilute 
sulphuric  acid.  Filter  the  solution  from  calcium 
sulphate  and  evaporate  it.  Colourless  crystals 
separate  out.  Heat  a  small  quantity  of  these 
crystals,  they  give  off  thick  fumes  with  a  pun- 
gent smell.  Dissolve  some  of  the  crystals  in 
water  and  test  with  litmus  solution,  they  are  acid. 
The  solution  is  neutralized  by  alkalies  and 
forms  salts.  The  crystals  have  the  composition 
represented  by — 


and  are  called  oxalic  acid.  The  salts  are 
called  oxalates. 

(Oxalic  acid  is  generally  made  by  fusing  saw- 
dust with  caustic  potash  and  boiling  the  melt 
with  water.)     Neutralize   some   oxalic  acid 


/OH 
C-OH 
\OH 


/OH 
C-OH 
\OH 
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solution  by  ammonia  solution,  forming  am- 
monium oxalate,  and  add  it  to  a  very  weak 
solution  of  any  calcium  salt,  a  white  precipitate 
of  calcium  oxalate  is  immediately  produced ; 
tins  is  a  very  delicate  test  for  the  presence  of 
small  quantities  of  calcium  salts. 

Place  some  crystals  of  oxalic  acid  in  a  test 
tube,  pour  some  concentrated  sulphuric  acid 
upon  them  and  heat.  Apply  a  lighted  taper 
from  time  to  time.  Soon  a  blue  flame  is  seen 
burning  at  the  mouth  of  the  tube.  The  gas 
given  off  may  be  collected  over  caustic  potash 
solution  or  milk  of  lime,  which  removes 
carbon  dioxide  formed  at  the  same  time.  The 
gas  will  now  burn,  and  the  product  turns  lime 
water  milky,  showing  the  formation  of  carbon 
dioxide ;  no  water  is  formed.  The  gas  burns 
to  carbon  dioxide  and  nothing  else  when  mixed 
with  oxygen,  and  is  the  combustible  oxide  of 
carbon,  carbon  monoxide,  CO. 

The  oxalates  are  poisonous  in  large  quantities, 
and  they  form  two  series  of  simple  salts  in  which 
either  one  or  two  hydrogen  atoms  are  replaced  by 
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the  metal  of  the  base.  This  is  what  we  should 
expect  from  the  presence  of  two  carboxyl  groups 
in  the  molecular  formula  of  the  acid. 

Another    acid    which   gives    rise    to   im-  succinic 

acid, 

portant  plant  products  is  prepared  by  heating 
amber  till  it  decomposes.  Crystals  separate 
out  from  the  distillate,  and  are  found  to  have 
the  composition  represented  by  the  formula 
CtH6Ot.  The  crystals  are  found  to  be  acid, 
and  are  called  succinic  acid.  We  believe  that 
the  molecule  of  succinic  acid  contains  two  car- 
boxyl groups  ( — COOH),  one  piece  of  evidence, 
as  in  the  case  of  oxalic  acid,  being  derived  from 
the  formation  of  two  kinds  of  salts,  the  acid 
and  normal  succinates,  in  which  one  and  two 
hydrogen  atoms  respectively  are  replaced  by 
the  metal  of  a  base.  Hence  we  arrange  the 
formula  thus — 

COOH 
I 

CH2 
I 

CH2 
I 

COOH 
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Another  organic  acid  is  responsible  for 
the  souring  of  milk,  ripening  of  cream  and 
cheese,  and  for  the  souring  of  ensilage.  This 
acid  is  produced  by  the  life  action  of  many 
fungi,  of  which  the  most  active  is  Bacterum 
lactis,  at  a  temperature  of  34° — 35°  C.  Boil  some 
sour  milk  or  cheese  with  zinc  oxide,  filter  the 
solution  and  evaporate  it.  Crusts  of  a  crystal- 
line zinc  salt  are  formed,  which  char  when 
heated.  Dissolve  some  of  the  crystals  in  water 
and  pass  in  sulphuretted  hydrogen  gas  till  all 
the  zinc  is  precipitated  in  the  form  of  zinc 
sulphide.  The  solution  tastes  acid,  turns 
litmus  red,  and  when  evaporated  down  becomes 
syrupy.  The  syrup  is  lactic  acid,  and  when 
pure  its  composition  is  represented  by  the 
formula  C3H603.  (Lactic  acid  is  readily 
formed  by  the  oxidation  of  sugars  by  Bacterum 
lactis  or  by  heating  the  sugars  with  caustic 
potash.)  Lactic  acid  combines  with  soda  and 
potash  to  form  salts,  the  lactates,  in  which  one 
hydrogen  atom  is  replaced  by  the  metal  of  the 
base,  so  that  it  contains  one  carboxyl  group. 
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Phosphorus  pentachloride  replaces  two  oxy- 
gen and  two  hydrogen  atoms  by  two  chlorine 
atoms,  so  that  the  molecule  of  the  acid  con- 
tains two  hydroxyl  groups ;  the  formula  which 
best  represents  the  properties  of  the  acid 
is — 

CH3 
I 

CH(OH) 
I 

COOH 

which  contains  one  carboxyl  and  one  alcoholic 
hydroxyl  group.  We  should  expect  lactic  acid 
to  act  as  both  an  acid  and  a  base  ;  it  even 
forms  a  kind  of  salt  by  splitting  off  water  from 
its  acid  and  basic  hydroxyl  groups.  (Several 
lactic  acids  are  known,  but  their  occurrence  and 
properties  hardly  enter  into  the  scope  of  this 
volume.) 

When  the  clear  juice  of  unripe  apples  Or  Malic  acid, 
of  berries  of  the  mountain  ash  is  evaporated 
to  dryness,  a  colourless,  sour  mass  is  left.  It 
is  purified  in  exactly  the  same  way  as  lactic 
acid.  It  has  the  composition  represented 
by  the  formula  04H505,  and  combines  with 
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potash  and  other  bases  to  form  salts.   It  is 

called  malic  acid,  and  forms  two  series  of  salts, 

the  malates,  in  which  one  or  two  hydrogen  atoms 

respectively  are  replaced  by  the  metal  of  the 

base ;  it  contains  two  carboxyl  groups,  and  is 

closely  related  to  succinic  acid. 

Malic  acid  can  be  made  by  substituting  a 

hydrogen  atom  of  succinic  acid  by  chlorine  and 

then  replacing  that  chlorine   atom  by  the 

hydroxyl  group  by  the  action  of  potash,  just  as 

in  the  formation  of  ethyl  alcohol  from  ethyl 

chloride  and  ethane,  so  that  malic  acid  contains  a 

hydroxyl  group  which  is  alcoholic  in  character. 

These  facts  are  summed  up  in  the  formula — 

COOH 
I 

CH(OH) 
I 

CH2 
I 

COOH 

acidaHc  ^  very  lar8e  number  of  ripe  juicy  fruits 
contain  some  sour  or  acid  substances  in  their 
juice  ;  when  the  juice  is  evaporated  to  dryness, 
the  acid  substances  are  found  mixed  up  with 
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the  sugar  of  the  fruit.  When  fruit  juice  is 
allowed  to  stand  it  begins  to  ferment,  and  as 
the  sugar  becomes  converted  into  alcohol, 
crystals  or  a  crust  begin  to  separate  from  the 
solution.  In  the  case  of  grape  juice  these 
crystals  are  collected  and  sent  to  market  under 
the  name  of  argol.  The  crystals  are  dissolved 
in  water  and  re-crystallized,  the  clean  crystals 
being  called  tartar,  and  when  they  are  again  re- 
crystallized  they  are  known  as  cream  of  tartar. 
Take  some  cream  of  tartar  crystals  and  heat 
them  over  a  flame  in  a  spoon  or  dish.  They 
char,  give  off  fumes  smelling  of  burnt  sugar,, and 
leave  a  solid  residue  which  is  found  to  be  a 
mixture  of  potassium  carbonate  and  charcoal ; 
thus  cream  of  tartar  contains  potassium,  and  is 
probably  the  potassium  salt  of  an  organic  acid. 
Make  a  solution  of  cream  of  tartar  and  add  to  it 
a  solution  of  a  lead  salt,  collect  the  precipitate, 
suspend  it  in  water,  pass  in  sulphuretted  hydro- 
gen and  evaporate  the  filtered  solution.  (Or 
boil  the  cream  of  tartar  solution  with  calcium 
chloride  solution,  boil  the  precipitated  calcium 
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salt  with  dilute  sulphuric  acid  and  evaporate 
the  filtered  solution.)  Colourless  crystals  form 
which  turn  litmus  solution  red  and  are  known 
as  tartaric  acid.  Dissolve  some  tartaric  acid 
in  water  and  pour  it  into  solutions  of  caustic 
soda  and  of  sodium  carbonate.  It  neutralizes 
the  solutions,  decomposing  the  carbonate  in  the 
second  case,  and  it  forms  salts.  The  acid  is  found 
to  have  the  composition  represented  by  C4H606. 

Make  a  solution  of  tartaric  acid  and  neu- 
tralize some  of  it,  say  25  cc,  with  caustic  soda 
solution,  running  it  in  from  a  burette.  Add 
to  dpuble  the  quantity,  i.e.  50  cc.  of  the  tar- 
taric acid  solution,  the  same  quantity  of  the 
caustic  soda  solution.  Evaporate  both  the 
solutions  and  compare  the  crystals  formed, 
they  are  different ;  one  batch  is  neutral,  the 
other  acid  to  litmus,  one  gives  a  precipitate 
with  a  solution  of  a  potassium  salt,  e.g. 
potassium  chloride,  the  other  does  not.  The 
acid  salt  can  be  made  into  the  neutral  salt  by 
the  addition  of  caustic  soda.  Evidently  the  two 
salts  are  different  and  tartaric  acid  is  dibasic ; 
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we  connect  this  as  usual  with  the  presence 
of  two  carboxyl  groups  in  the  molecule. 

Tartaric  acid  can  be  made  from  succinic  by 
replacing  two  hydrogen  atoms  by  two  chlorine 
atoms,  and  these  by  two  hydroxyl  groups  just  as 
in  the  case  of  malic  acid,  so  that  it  is  repre- 
sented as  containing  two  carboxyl  and  two 
alcoholic  hydroxyl  groups  per  molecule,  i.e. — 

COOH 

CH(OH) 

CH(OH) 

I 

COOH 

This  formula  also  points  out  the  near  re- 
lationship between  succinic,  malic,  and  tartaric 
acids. 

Tartaric  acid  is  a  constituent  ol  ripe  fruits, 
so  it  is  not  poisonous  ;  advantage  is  taken  of  its 
acid  properties  for  the  production  of  carbon 
dioxide  in  the  manufacture  of  effervescing  drinks 
and  baking  powder.  The  carbonate  generally 
used  is  sodium  bicarbonate. 

Both  tartrates  of  potash  are  used,  cream  of tar - 

VOL.  I.  S 
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tar  being  the  acid  salt,  KHC4H406,  and  normal 
potassium  tartrate  the  neutral  salt,  KsCJE^Oe. 

Take  solutions  of  ferric  chloride  and  copper 
sulphate  and  add  a  solution  of  normal  potassium 
tartrate  to  each.  In  both  cases  a  precipitate  is 
first  formed  which  redissolves  in  excess  of  the 
tartrate  solution.  Now  add  caustic  potash 
solution  to  the  mixture ;  instead  of  a  precipitate 
being  formed,  only  a  change  of  colour  is  noticed. 

The  presence  of  the  tartrate  appears  to  have 
prevented  the  precipitation  of  the  hydroxide  of 
the  metal.  We  make  use  of  this  property  in 
testing  for  sugar  by  the  reduction  of  copper 
salts,  as  it  enables  us  to  keep  an  alkaline 
solution  of  copper  hydroxide  made  up,  i.e. 
Fehling's  solution. 

Like  other  acids,  tartaric  acid  combines  with 
alcohols  to  form  ethereal  salts,  many  of  which 
are  present  in  wines  and  have  characteristic 
flavours  and  scents.  Again,  the  hydrogen  atoms 
of  the  hydroxyl  groups  can  be  replaced  by 
hydrocarbon  radicles  forming  other  character- 
istic ethereal  salts. 
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Tartaric  acid  contains  two  alcoholic 
hydroxyl  groups,  so  we  should  expect  it  to  be 
easily  oxidizable.  Warm  some  of  the  ammo- 
niacal  solution  of  silver  nitrate  with  a  few  drops 
of  tartaric  acid  solution.  The  acid  is  oxidized, 
the  silver  salt  is  reduced,  and  a  silver  mirror  is 
formed ;  this  reaction  is  characteristic. 

Evaporate  some  filtered  lemon  juice  or  lime 
juice  till  it  begins  to  crystallize.  Colourless 
transparent  crystals  are  formed,  which  are  acid 
to  litmus  and  are  called  citric  acid. 

(The  acid  is  made  in  a  pure  state  by  adding 
chalk  to  the  juice  till  effervescence  stops,  boil- 
ing, filtering  off  the  calcium  citrate,  washing  it, 
and  decomposing  the  salt  by  dilute  sulphuric 
acid.) 

Heat  some  crystals  of  citric  acid  in  a  spoon 
or  basin,  they  give  off  fumes  which  smell  of 
burnt  sugar  but  are  more  pungent. 

Dissolve  some  citric  acid  in  water  and  neu- 
tralize 25  cc.  of  the  solution  with  caustic  soda 
solution  run  in  from  a  burette.  Add  the  same 
amount  of  the  soda  solution  to  50  cc.  and  to  75  cc. 
s  2 
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of  the  acid  solution ;  evaporate  the  solutions 
and  compare  the  salts ;  three  different  salts  are 
formed,  and  citric  acid  contains  three  carboxyl 
groups.  It  contains  four  hydroxyl  groups, 
so  that  its  composition,  which  agrees  with 
C6H807,  is  best  represented  by  the  formula — 
OH —CO  OH 

j  -X)OOH 
CH2— COOH 

Try  the  effect  of  solutions  of  citrates  upon 
iron  and  copper  salts ;  like  the  tartrates,  the 
citrates  prevent  the  precipitation  of  the  hydrox- 
ides by  caustic  potash.  Just  in  the  same  way 
the  citrates  of  lime  are  not  precipitated  by 
phosphoric  acid  in  dilute  solution,  hence 
solutions  of  ammonium  citrate  are  used  in 
estimating  phosphoric  acid  in  phosphatic 
manures  in  order  to  keep  the  lime  salts  in 
solution ;  the  citrates  do  not  prevent  the 
precipitation  of  magnesium  ammonium  phos- 
phate. 

The  salts  of  the  last  three  acids,  malic,  tar- 
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taric  and  citric,  or  of  some  other  similar  acids, 
are  present  in  the  sap  of  all  plants,  and  with 
their  assistance  the  plant-roots  are  able  to 
absorb  from  the  soil  many  of  the  salts  which 
make  up  the  food  of  the  plant ;  they  also  keep 
many  salts  in  solution  during  their  passage  from 
cell  to  eell  throughout  the  plant.  So  much  is 
this  the  case,  that  an  artificial  plant  sap  con- 
taining 1  per  cent,  of  citric  acid  is  at  present 
one  of  the  best  reagents  in  use  for  estimating  the 
readily  soluble  plant  foods  in  the  soil,  and 
will  be  referred  to  in  detail  in  the  second  part 
of  this  volume. 

A  few  acids  derived  from  benzene  require  Benzoic 

L  acid. 

to  be  mentioned.  Many  gums  on  being- 
warmed  give  off  white  fumes,  and  when 
gum  benzoin  is  heated  the  fumes  are  found  to 
be  an  acid,  benzoic  acid.  This  acid  is  derived 
from  benzene  by  the  substitution  of  a  carboxyl 
group  for  one  hydrogen  atom,  thus  C6H6  be- 
comes C6H5COOH.  Benzoic  acid  forms  a  series 
of  salts,  the  benzoates,  which  are  interesting 
from  their  occurrence  in  herbivorous  animals. 
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salicylic        If  phenol  is  combined  with  caustic  soda, 

acid.  x  7 

evaporated  to  dryness,  powdered  and  heated 
to  200°  C,  and  then  carbon  dioxide  passed 
through  the  powder,  combination  takes  place. 
The  solid  is  dissolved  in  water,  and  hydro- 
chloric acid  added.  A  white  precipitate  which 
has  no  smell  is  formed.  This  precipitate 
is  not  phenol,  but  a  new  acid,  salicylic  acid, 

which  is   best   represented   by   the  formula 
OH 

06H4Cqq-h-»  A  solution  of  salicylic  acid 
prevents  the  growth  of  the  fungoid  germs  of 
decay,  and  so  is  sometimes  used  as  a  preserva- 
tive for  milk  ;  but  it  is  poisonous,  and  its  use  is 
not  now  to  be  recommended,  in  many  places  it 
is  illegal. 

Tannic  acid*  Among  the  large  number  of  acids  derived 
from  benzene  few  are  more  important  than 
the  tannins,  of  which  tannic  acid  is  one 
of  the  most  characteristic.  Take  some 
oak-galls,  pulverize  them  finely  and  boil 
them  with  water.  Pour  some  of  the  solution 
into  ferric  chloride  solution,  it  turns  black  from 
the  formation  of  ink.    Pour  some  of  the  solu- 
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tion  into  some  white  of  egg  shaken  up  with 
water.  A  white  precipitate  or  clot  is  at  once 
formed,  and  it  is  characteristic  of  the  tannins 
that  they  coagulate  white  of  egg  and  similar 
bodies,  and  so  alter  the  rate  of  digestion  of 
these  bodies.  A  similar  action  takes  place  in 
the  process  of  tanning,  when  the  tannin  of  the 
oak  bark  coagulates  the  materials  of  the  skin. 


CHAPTER  XX. 


NITROGENOUS  ORGANIC  BODIES — PROTEIDS. 

Though  the  study  of  the  organic  compounds 
containing  nitrogen  in  their  molecules  is 
extremely  fascinating  and  important,  and 
though  the  problem  of  the  chemistry  of  life  is 
undoubtedly  connected  with  the  chemistry  of 
organic  nitrogen  compounds,  yet  these  bodies 
become  rapidly  complicated  and  require  more 
time  for  their  study  than  can  generally  be 
given.  However,  we  must  study  a  few 
characteristic  compounds. 

Take  some  acetic  acid  in  a  basin  and  add 
lumps  of  solid  ammonium  carbonate  till  the 
acid  is  neutralized.  Now  pour  the  syrupy 
liquid,  ammonium  acetate,  into  a  retort,  with  a 
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plain  glass  tube  as  a  condenser,  and  lieat  the 
retort.  The  liquid  begins  to  boil,  and  water 
distils  off.  In  a  short  time  a  smell  of  mice  will 
be  noticed,  and  when  more  than  half  has 
distilled  over,  the  condensed  liquid  will  be  seen 
to  solidify  in  the  tube.  Now  change  the 
receiving  flask  for  a  bottle,  and  collect  the  solid 
which  continues  to  come  over,  and  may  be 
melted  out  of  the  tube.  It  is  a  soft  transparent 
solid  with  a  somewhat  greasy  feel,  smelling 
of  mice ;  it  melts  at  a  low  temperature 
and  is  soluble  in  water.  Boil  a  little  of  the 
solution  in  water,  the  smell  of  mice  disappears, 
and  the  solution  contains  ammonium  acetate. 
The  solid  is  formed  from  ammonium  acetate 
with  the  loss  of  water,  and  reforms  the  acetate 
by  the  addition  of  water,  and  it  is  a  representa- 
tive of  a  new  class  of  bodies,  the  amides  ;  it  is 
called  acetamide,  and  when  heated  with  lime 
gives  off  ammonia,  so  that  it  contains  nitrogen. 
It  is  represented  by  the  formula — 

CH3CO]SrH2=CH3COONH4-H20 
If  we  compare  this  formula  with  that  of 
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acetic  acid,  CH3COOH,  we  see  that  it  may  be 

considered  as  acetic  acid  in  which  the  group 

of  atoms   NH2  (i.e.   NH3  — H)   replaces  the 

hydroxyl  group.    This  group,  — NH2,  is  called 

the  amido  group,  and  acetamide  is  the  amide 

of  acetic  acid.    If  we  draw  out  the  formulae — 

H  H 

I  |  O 

H — C — C  and    H— C — C  w 

I       ^O-H  |  ^N^J 

H  H  H 

Acetic  acid.  Acetamide. 

we  notice  that  the  nitrogen  atom  is  supposed 
to  be  in  direct  union  with  one  carbon  atom, 
so  that  we  have  the  first  characteristic  of  an 
organic  nitrogen  compound,  viz.  that  it  con- 
tains a  nitrogen  and  a  carbon  atom  in  direct 
union. 

When  acetamide  is  heated  with  phosphorus 
pentoxicle  it  gives  up  water  and  forms  a  new 
body,  with  the  formula  CH3 — CN,  which  is  even 
n  simpler  nitrogen  compound  than  acetamide. 
It  may  be  regarded  as  a  compound  of  the  methyl 
group,  — CH3,  with  a  new  group  of  one  carbon 
ami  one  nitrogen  atom,  called  the  cyanogen  group. 
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Take  a  very  small  quantity  of  ferrocyanide  ^n°'deof 
of  potassium  and  warm  it  very  gently  with  dilute  pota*slHm- 
sulphuric  acid  in  a  basin.  Smell  very  care- 
fully, and  a  scent  of  laurel  leaves  or  of  bitter 
almonds  which  have  been  crushed  with  water  will 
be  noticed.  This  is  due  to  the  hydrogen  com- 
pound of  cyanogen,  hydrocyanic  or prussic  acid, 
which  is  one  of  the  most  deadly  poisons  known 
as  regards  animal  life.  Hydrocyanic  acid  gives 
rise  to  a  series  of  salts,  the  cyanides,  also  the 
series  of  ferrocyanides,  ferricyanides,  and 
suVphocyanides  (thiocyanates). 

Heat  a  small  quantity  of  potassium  ferro- 
cyanide with  strong  sulphuric  acid ;  when  cold 
add  water  and  test  for  iron  with  potash,  &c,  as 
on  p.  156.  The  salt  is  seen  to  contain  iron  ;  now7 
test  for  potassium  by  the  flame  test,  potassium 
is  also  present ;  potassium  ferrocyanide  is  in 
fact  a  compound  salt  of  potassium,  iron,  and 
hydrocyanic  acid,  represented  by  the  formula 
K4FeC0N6.  Potassium  ferrocyanide  is  not 
poisonous,  nor  does  it  answer  to  the  usual  tests 
for  iron  until  it  is  decomposed ;  it  is  curious 
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that  its  properties  should  contrast  so  strongly 
with  those  of  its  constituents. 

Heat  some  potassium  ferrocyanide  in  a  basin ; 
it  changes  colour,  and  after  heating  answers  to 
the  tests  for  a  simple  cyanide  ;  dissolve  in  water, 
filter  and  evaporate  the  solution  to  dryness, 
potassium  cyanide  is  left,  KCN. 

Mix  some  potassium  ferrocyanide  with  lead 
dioxide  and  heat  the  mixture  over  a  flame. 
When  cool  warm  the  mass  with  alcohol,  filter 
and  collect  the  crystals  which  separate  out. 
These  crystals  contain  oxygen,  and  are  repre- 
sented by  the  formula  KOCN,  potassium  cyanate, 
which  contains  the  group  of  atoms,  —  0 — C — N, 
the  cyanic  group,  which  is  remarkable  for  the 
ease  with  which  it  undergoes  some  kind  of  change 
within  any  molecule  of  which  it  forms  part. 

Evaporate  some  urine  to  dryness  and 
warm  the  residue  with  alcohol.  Evaporate  the 
solution  till  crystals  separate  out,  collect  and 
dry  them,  they  are  crystals  of  urea.  Heat  a 
few  of  the  crystals  of  urea  alone,  they  give  off 
ammonia,  and  therefore  contain  nitrogen.  Pour 
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some  crystals  into  a  solution  of  bleaching  powder, 
a  gas  is  given  off,  test  it  by  a  lighted  taper  and 
lime  water,  the  gas  is  nitrogen ;  this  is  another 
proof  that  urea  contains  nitrogen. 

When  ammonium  carbonate  is  heated  to 
130 — 140°  C.  it  loses  water,  and  urea  may  be 
extracted  by  alcohol  from  the  product.  The 
composition  of  urea  agrees  with  the  formula 
CON2H4,  and  this  mode  of  formation,  which 
suggests  the  formation  of  acetamide  from  acetate 
of  ammonia,  also  suggests  that  urea  may  be  re- 
presented as  the  amide  of  carbonic  acid  :  thus — 

CO  CO 

XOH  XNH2 
Carbonic  acid.  Carbamide. 

The  importance  of  urea  is  due  to  the  fact 
that  it  is  the  principal  form  in  which  waste 
nitrogenous  material  is  removed  from  the 
animal  body,  so  that  fresh  stable  or  yard 
manure  contains  large  quantities  of  urea. 

Urea  is  very  easily  converted  into  ammonium 
carbonate  again  under  the  influence  of  bacteria, 
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and  in  that  form  readily  passes  into  the  air  in 
the  vapour  of  water  which  is  evaporating  from 
fermenting  manure.  Urea  is  also  very  easily  con- 
verted into  nitrogen  by  the  action  of  microbes, 
when  air  is  present ;  hence  the  importance  of 
excluding  air  and  preventing  evaporation  from 
manure  heaps  if  the  urea  is  not  to  be  wasted. 

Perhaps  the  most  important  date  in  the 
whole  range  of  organic  chemistry  is  the  year 
1828,  in  which  Wohler  succeeded  for  the  first 
time  in  making  or  synthesizing  an  organic  com- 
pound ;  this  compound  was  urea. 

When  a  solution  of  potassium  cyanate  is 
mixed  with  a  solution  of  ammonium  sulphate, 
ammonium  cyanate  and  potassium  sulphate 
are  formed ;  if  the  mixed  solutions  are 
evaporated  and  warmed  with  alcohol,  crystals 
are  obtained  which  have  the  same  properties 
as  urea  crystals.  Now  ammonium  cyanate, 
NCONH^,  has  the  same  composition  and  mole- 
cular weight  as  urea,  CON.Hi,  so  that  the 
atoms  which  build  up  the  molecule  of  ammo- 
nium cyanate  have  most  probably  rearranged 
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themselves  in  such  a  way  as  to  form  the  urea 
molecule,  thus — 

NHa 

H  / 
/  forms  C—  0 

C— 0— NH4  \ 

Such  a  change  of  position  of  the  atoms  compos- 
ing a  molecule,  involving  a  change  of  properties, 
is  called  an  isomeric  change,  and  ammonium 
cyanate  is  said  to  be  isomeric  with  urea.  This 
isomeric  transformation,  which  led  to  the  first 
synthesis  of  an  organic  body  out  of  inorganic 
materials,  also  illustrates  the  point  mentioned 
above,  viz.  the  peculiar  tendency  of  the  atoms 
of  the  cyanic  group  to  undergo  a  change  of 
arrangement. 

A  very  near  relation  of  urea  found  in  1 
urine,  and  also  in  the  excrements  of  birds 
and  in  guano,  is  uric  acid,  C5H4N403,  but 
its  composition  cannot  be  considered  here,  It 
ferments  to  ammonium  carbonate  nearly  as 
easily  as  urea,  but  only  when  moist,  so  that 
guano  is  liable  to  lose  value  when  kept  moist. 
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A  large  number  of  bodies  nearly  related  to 
uric  acid  are  found  in  plant  and  animal  struc- 
tures, more  especially  in  animal  flesh.  These 
bodies  are  called  extractives,  and  must  be  care- 
fully distinguished  from  the  important  class  of 
protoids,  which  are  much  more  complicated  in 
composition. 

Another  class  of  ammonia  compounds  is 
of  the  utmost  importance,  though  rather 
beyond  the  scope  of  this  volume,  viz.  the 
compounds  of  ammonia  with  alcohol  radicles, 
the  amines. 

If  herring  pickle  is  distilled  with  caustic 
potash,  a  characteristic  fishy-smelling  gas  is 
given  off.  This  gas  combines  with  acids,  and  is 
found  to  be  a  mixture  of  ammonia  compounds  in 
which  hydrogen  atoms  are  replaced  by  methyl 
groups,  thus — 


\H 


CH, 


and 


/CH3 
N-OH3 
\OH3 


These  compounds  are  called  methylamine  and 
trimethylamine  respectively. 
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Metliylamine  may  thus  be  regarded  as 
ammonia  in  which  the  methyl  group  replaces 
hydrogen,  as  methyl-amine,  but  it  may  also  be 
regarded  as  methyl  alcohol,  in  which  the  amido 
group,  — NH2,  replaces  hydroxyl,  — OH,  forming 
amido-methane  ;  the  latter  point  of  view  is  sup- 
ported by  its  preparation  from  methyl  chloride 
by  the  action  of  ammonia  in  alcoholic  solution. 

Many  bodies  of  this  class  are  found  in  young 
plant  tissues,  and  in  any  nitrogenous  matter 
which  has  undergone  fermentation,  such  as 
ensilage  and  decaying  flesh.  They  are  like  the 
extractives  as  regards  feeding  purposes,  and  we 
shall  have  to  note  their  peculiarities  later  on. 
We  may  notice  two  of  the  more  important  amido 
compounds. 

If  we    start  with    the    lactic    acid    con-  Leucine. 
taining  six   carbon  atoms    and  replace  the 
hydroxyl  group  by  the  amido  group,  we  have 
the  compound  leucine,  amido-caproic  acid,  to 
which  we  attach  the  formula — 

CH3— CH2— CH2— CH2— CH^  NIL* 
VOL.  1,  T 
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This  body  is  contained  in  the  young  shoots  of 
the  G-ourds,  and  is  a  most  important  product  of 
the  digestion  of  proteid  matter  in  the  intestines. 
Asparagine.  We  have  already  noticed  that  malic  acid 
occurs  in  young  fruits  to  a  large  extent. 
When  the  juice  of  the  shoots  of  vetches, 
peas,  beans,  or  asparagus,  or  of  the  roots 
of  scorzonera  or  mallow  is  evaporated, 
colourless  crystals  separate  out.  They  are 
crystals  of  asparagine.  When  boiled  with 
caustic  potash  they  give  off  ammonia,  and  have 
the  composition  represented  by — 

C2H3  (N^^QQ-^Jp 

In  other  words,  asparagine  is  an  amide  and  an 
amine  at  the  same  time,  amido-succinamic  acid. 

Another  important  product  of  the  digestion  of 
proteid  matter  is  the  amido  compound  tyrosine, 
which  is  derived  from  benzene. 
Prouidt.  As  we  have  just  seen,  the  chief  nitrogenous 
products  of  the  wear  and  tear  of  the  flesh 
of  animals  are  urea  and  uric  acid.  Of 
what  substance  is  the  flesh  itself  composed  ? 
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Examine  a  piece  of  raw  meat,  it  is  not  crystalline. 
Chop  up  some  of  the  meat  and  pound  it  with  a 
little  common  salt  in  a  mortar.  Add  some  water 
and  filter  through  calico.  The  solution  is  not 
quite  transparent,  and  becomes  thick  when  boiled, 
forming  a  coagulum  or  clot ;  this  coagulum  does 
not  now  dissolve  in  water.  Try  the  same  experi- 
ment with  some  white  of  egg,  or  albumen;  it  also 
coagulates  when  heated.  These  products  of  the 
living  matter  which  coagulate  when  heated  are 
called  proteids  or  albuminoids,  and  they  will  be 
studied  carefully  later.  Heat  some  proteid  with 
quicklime,  ammonia  is  given  off,  so  that  the 
proteid  contains  nitrogen.  It  also  burns  to 
carbon  dioxide  and  water,  and  thus  contains  car- 
bon and  hydrogen.  Finally,  when  dried  and  then 
heated  in  a  test  tube  it  gives  off  water,  showing 
that  the  proteid  contains  oxygen.  Proteids  are 
thus  nitrogenous  organic  bodies  which  are 
compounds  of  carbon,  hydrogen,  oxygen,  and 
nitrogen,  but  their  molecules  are  so  large 
that  we  do  not  yet  know  how  they  are  built 
up. 
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Having  now  traced  the  characteristic  pro- 
perties of  the  common  elements  and  their  more 
important  compounds,  we  are  in  a  position 
to  consider  the  practical  application  of  our 
results. 


END  OF  VOL.  I. 


INDEX 


ACETAMIDE,  265. 

Acetates,  234. 
Acetic  acid,  233. 

ester,  240. 

series  of  acids,  243. 
Acetyl  chloride,  236. 
Air,  composition  of,  12. 

a  mixture,  26. 
Albuminoids,  275. 
Alcohol,  ethyl,  213. 

methyl,  213. 
Aldehyde,  223. 
Alkali,  37. 
Allotropy,  35. 
Alloys,  97. 
Aluminium,  93. 

oxide  of,  94. 

compounds,  176. 
Amido  group,  266. 
Ammonia,  73. 

carbonate  of,  146. 

chloride  of,  80,  145. 

sulphate  of,  73,  145. 
Ammonium,  144. 

salts,  143. 
Arsenic,  181. 
Asparagine,  274. 
Atom,  77. 
Atomic  weight,  78. 

Base,  84. 


Basic  oxide,  38. 

phosphate  of  lime,  130. 
Benzene,  207. 
Benzoic  acid,  261. 
Bieaching,  48. 

powder,  151. 
Borax,  175. 

Bordeaux  mixture,  102,  188. 
Butyric  acid,  241. 


Calcium,  37,  100. 

chloride,  150. 

hydroxide,  100. 

sulphate,  147. 

sulphide,  149. 
Carbohydrates,  228. 
Carbolic  acid,  207. 
Carbon,  allotropic  forms  of,  35. 

bisulphide,  118. 

dioxide,  31. 

monoxide,  40,  250. 
Carbonic  acid,  32. 

action  on  soils,  34. 
Carboxyl  group,  244. 
Cement,  171. 
Chalk,  38. 
Charcoal,  27. 
Chemical  change,  13. 

compound,  18. 
Chlorides,  45,  86. 


278 


hid  ex 


Chlorine.  44. 

peroxide,  142. 
Citric  acid,  259. 
Clay,  169. 
Coal  gas,  196. 
Compound  radicle,  144. 
Condy;s  fluid,  182. 
Conservation  of  matter,  4,  11. 
Copper,  compounds  of,  1ST. 

hydroxide.  102. 
Cyanogen  group,  266. 

Dextrin.  228. 
Dialysis,  165. 
Dibasic  acid.  114. 
Diffusion  of  gases,  63. 
Distillation.  15. 

Element,  23. 
Emulsion,  247. 
Equation,  87. 
Ethane,  203. 
Ether,  217. 
Ethyl  acetate,  240. 

chloride,  203. 
Ethylene,  216. 

dichloride,  216. 
Eudiometer,  21. 

Fehling's  solution.  222. 
Felspar,  170. 

Fermentation,  alcoholic,  211. 
Ferric  chloride,  154. 

hydroxide,  104. 

salts,  tests  for,  156. 

sulphate,  159. 
Ferrocyanide  of  potassium,  267. 
Ferrous  chloride,  156. 

hydroxide,  104. 

salts,  tests  for,  156. 

sulphate,  157. 
Formaldehyde,  229. 
Formic  acid,  240. 
Formula  weights,  36. 
Formulae,  36. 


Fractional  distillation,  206. 

Gas  lime,  150. 
Glass,  168. 
Glycerine,  218. 
Gunpowder,  140. 
Gypsum.  14S. 

Hydrate,  37. 
Hydrocarbons,  204. 
Hydrochloric  acid,  42. 

compounds,  49. 
Hydrogen,  17. 

properties  of,  17. 
Hydrolysis,  226. 
Hydroxide,  37.  84. 

Iron  salts,  103,  152. 

Lactic  acid,  252. 
Law  of  Avogadro,  65. 

Boyle,  64. 

Charles,  65. 

Conservation  of  matter, 
11. 

Constant  proportions,  21. 

Diffusion  of  gases,  69. 

Substitution,  201. 

Yol umes,  51. 
Lead  compounds,  178. 
Leucine,  273. 
Lime,  37. 

chloride  of,  152. 

salts,  147. 

sulphate  of,  147. 

Magnesium,  101. 
Malic  acid,  253. 
Manganese  compounds,  182. 
Margarine,  247. 
Marsh  gas,  197. 
Mercury,  oxide  of,  7. 

salts  of,  173. 
Metal,  94. 
Methane,  197. 


Index 


Methylamine,  272. 
Methyl  chloride,  198. 
Molecular  weight,  66. 
Molecules,  62. 
Mortar,  39. 

Neutralization,  79. 
Nitrate  of  soda,  52. 
Nitric  acid,  53. 

test  for,  158. 
Nitric  oxide,  59. 
Nitrite  of  soda,  61. 
Nitrogen,  10. 

oxides  of,  57. 

Oleic  acid,  244. 
Oxalic  acid,  2  48. 
Oxidation,  10. 
Oxide,  13. 

acid,  106. 

basic,  38. 
Oxygen,  8. 

Palmitic  acid,  242. 
Paraffin  series,  208. 
Permanganate  of  potash,  184. 
Peroxide,  179. 
Phosphates  of  lime,  128. 

soda,  126. 
Phosphoric  acid,  126. 
Phosphorus,  yellow,  121. 

red,  123. 

pentoxide,  125. 
Plaster  of  Paris,  148. 
Potash,  81. 

caustic,  84. 
Potassium,  83. 

chlorate,  142. 

chloride,  86,  141. 

cyanate,  268. 

cyanide,  268. 

nitrate,  137. 
Proteids,  274. 
Prnssic  acid,  267. 


Quartz,  163. 
Quicklime,  36. 

Rust,  93. 

Salicylic  acid,  262. 
Salt,  41. 
Saltpetre,  137. 
Salts,  87,  133. 

acid  and  normal,  113. 
Sand,  162. 
Silica,  164. 
Silicates,  167. 
Silicic  acid,  166. 
Silicon,  164. 
Silver  compounds,  190. 
Soap,  242,  245. 
Soda,  caustic,  90. 

washing,  89. 
Sodium,  49. 

bicarbonate,  136. 

carbonate,  89,  134. 

chloride,  49. 

sulphites,  137. 
Solution,  24. 

saturated,  25. 
Spirit  of  wine,  211. 
Stearic  acid,  242. 
Substitution,  199. 
Succinic  acid,  251. 
Sugars,  225. 
Sulphides,  114. 

in  soils,  117. 

solubility  of,  116. 
Sulphite  of  soda,  107. 
Sulphur,  105. 

dioxide,  107. 
Sulphuretted  hydrogen,  116. 
Sulphuric  acid,  109. 

test  for,  112. 
Sulphurous  acid,  107. 
Superphosphate  of  lime,  129. 
Symbols,  35. 

Tannic  acid,  262. 


28o 


Index 


Tar,  206. 

Tartaric  acid,  254. 
Tin  compounds,  177. 
Titration  of  acids  and  alkalies, 
85. 

chlorine  by   silver,  155, 
191. 

iron    by  permanganate, 
184. 

Turpentine,  209. 

Unsaturated  compounds,  217. 
Urea,  268. 
Uric  acid,  271. 


Vapour  density,  66. 

determination  of,  69. 

Water,  composition  by  weight, 
19. 

composition  by  volume,  21. 
distilled,  15. 
hardness  of,  148. 
hardness  of,  determination 
of,  246. 
Wood  spirit,  210. 

Zing  salts,  172. 


Q-ILBEltT  &  RlVINGTON,  LD.    St,  JOHN'S  HOUSE,  ClE KKEflT WELL,  E.Q, 


